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Outline

* Need to validate peptide assignments to
MS/MS spectra

« Statistical approach to validation
* Running PeptideProphet software
* Interpreting results of PeptideProphet

 Exercises



Most search results are wrong

« [M+2H]%*/[M+3H]3* uncertainty (LCQ)
* Non-peptide noise

* Incomplete database
e.g. post-translational modifications

 Limitation of database search algorithm



Validation of peptide
assignments

In the past, a majority of analysis time was devoted to
identifying the minority of correct search results from
the majority of incorrect results

Required manual judgment

Peptide
E _Sar:p'e prtef |dentification
instrument time
O database search Effort
O validation 8.3%
8.3%

manual validation




Results of 50 Spectrum Test

Consistency among ‘Experts’:
Of 50 search results
9 had < 67% ‘publishable’, ‘borderline’, or ‘not pub’

Consistency of Individual ‘Experts’:
Of 10 duplicated search results, on average

0.4 were assessed ‘publishable’/'not publishable’
2 were assessed inconsistently

Accuracy of ‘Experts’:
of 511 total ‘publishable’: 95% correct
of 102 total ‘borderline’: 49% correct
of 387 total ‘not publishable’: 14% correct

Even ‘Experts’ are not dependable!



Need for objective criteria

Manual scrutiny of search results is not
practical for large datasets common to high
throughput proteomics

As an alternative to relying on human
judgment, many research groups employ
search scores and properties of the assigned
peptides to discriminate between correct and
Incorrect results



Traditional filtering criteria

Each SEQUEST search result has a:
Xcorr, dCn, Sp, NTT (number of tryptic termini)
Accept all results that satisfy:
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Traditional filtering criteria

Each SEQUEST search result has a:

Xcorr, dCn, Sp, NTT (number of tryptic termini)
Accept all results that satisfy:

[M+2H]2+:

[M+3H]3*:

[M+2H]%*: Xcorr >2,dCn>0.1,Sp<50 (NTT>1)
[M+3H]3*: Xcorr > 2,dCn>0.1, Sp <50 (NTT >1)



Problems with traditional
filtering

* Different research groups use different thresholds

« Combines scores in unsatisfactory manner:
What if Xcorr is just below its threshold, but dCn is
far above?

* Divides data into correct and incorrect- no in between
« Unknown error rates (fraction of data passing filter
that are incorrect)

« Unknown sensitivity (fraction of correct results
passing filter)

» Appropriate threshold may depend on database,
mass spectrometer type, sample, etc.



Statistical Approach

Use search scores and properties of the assigned
peptides to compute a probability that each search
result is correct

Desirable model properties:
* Accurate

* High power to discriminate correct and incorrect
results

 Robust



Training dataset

Want dataset of SEQUEST search results for
which the true correct and incorrect peptide
assignments are known

Sample of 18 control proteins (bovine, yeast,
bacterial)

Collect ~40,000 MS/MS spectra, and search using
SEQUEST vs. a Drosophila database appended
with sequences of 18 control proteins and common
sample contaminants



Training dataset
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Peptides
corresponding to
18 control
proteins or
contaminants are
correct®

1 0
1
1 0
1
1 0
1
1
1 0
1
1 0
1
1
1
1
1 0
1
1 0
1
1
10
1
1 0
1
10
1
1
T
1
1.0
1
T
1
1
1
1
1.0
L
4




Combine multiple SEQUEST scores
into single discrminant score F

Want to combine together Xcorr, dCn, and Sp in a
linear manner to produce a new score, F, that

maximally separates the correct and incorrect
search results in the training dataset:

F =c, + c,Xcorr + ¢c,dCn + ¢c;Sp

Actually first transform Xcorr and Sp:

[M+2H]2*: Xcorr’ = log(Xcorr) / (log 2 * peplength)
[M+3H]3*: Xcorr’ = log(Xcorr) / (log 4 * peplength)
Sp' = log Sp




Derive Discriminant Fucntion

Derive F for each precursor ion charge separately:
F = ¢, + c,Xcorr' + ¢,dCn + c;Sp’

For [M+3H]3+ search results in training datset,
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Compute Discriminant Score

F = + * Xcorr’ + *dCn — *Sp’
Example:

Peptide

Xcorr = 3.29

dCn = 0.233

Sp=3

Precursor lon Charge = 3
Peplength = 14
Xcorr' =1o0g(3.29)/(log 56) = 0.296
Sp’ =log(3) = 1.09
F = + *0.296 + *0.233 +
*1.09 = 3.56



Discriminant Score
Distributions

no
of
spectra

discriminant score (F)



Computing probabilities from
discriminant score distributions
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Computing probabilities from
discriminant score distributions

Model Incorrect

R results as
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Employing peptide properties

Properties of the assigned peptides, in addition to
search scores, are useful information for
distinguishing correct and incorrect results

For example in unconstrained SEQUEST searches
for MS/MS spectra collected from trypsinized
samples, a majority of correct assigned peptides
have 2 tryptic termini (preceded by K,R), whereas a
majority of incorrect assigned peptides have 0
tryptic termini



Number of tryptic termini (NTT)

NTT can equal O, 1, or 2:

G.HVEQLDSSS.D NTT =0

.HVEQLDSSS.D NTT =1
G.HVEQLDSSR.D NTT =1

.HVEQLDSSR.D NTT =2



Number of tryptic termini (NTT)

For the same value of F, assigned peptides with
higher NTT values are more likely to be correct

Example: training dataset

1 0.03 NTT=0, 0.28 NTT=1, NTT=2
Incorrect: 0.80 NTT=0, 0.19 NTT=1, 0.01 NTT=2
NTT=2

Gamma, g ,eo(Fobs) * Total incorr * 0.01

Fops: P = 0.5 without NTT becomes p=0.99 using NTT



Number of tryptic termini (NTT)

For the same value of F, assigned peptides with
lower NTT values are less likely to be correct

Example: training dataset
NTT=0, 0.28 NTT=1, 0.69 NTT=2

Incorrect: 0.80 NTT=0, 0.19 NTT=1, 0.01 NTT=2
NTT=0

Gamma,, g ,er0(Fops) * Total incorr * 0.80

Fops: P = 0.5 without NTT becomes p=.04 using NTT



Additional peptide properties

Number of missed tryptic cleavages (NMC)

Mass difference between precursor ion and peptide
Presence of light or heavy cysteine (ICAT)
Presence of N-glyc motif (N-glycosylation capture)

Calculated pl (FFE)



Computed Probabilities

Given training dataset distributions of F, NTT,
NMC, Massdiff, ICAT, N-glyc, and pl among correct
and incorrect search results,...

...then the probability of any search result with F_,,
NTTobs, NMCobs, MaSSdiffobs, |CATobs, N-glyCobs, and
pl,,s can be computed as described above, with
terms for each piece of information



Robust Model

One cannot rely on the training dataset
distributions of F, NTT, NMC, Massdiff, ICAT, N-
glyc, and pl among correct and incorrect search
results



EM Algorithm

PeptideProphet learns the distributions of F and
peptide properties among correct and incorrect
search results in each dataset

It then uses the learned distributions to compute
probabillities that each search result is correct

EM algorithm: unsupervised learning method that
iteratively estimates the distributions given
probabilities that each search result is correct, and
then computes those probabilities given the
distributions

Initial settings help guide algorithm to good solution



E-M Algorithm learns test data score distributions

Incorrect Peptide Assignments

Correct Peptide Assignments

No. of spectra

Discriminant search score ——
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E-M lteration 1

Incorrect Peptide Assignments

Correct Peptide Assignments
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Discriminant search score ——



E-M lteration 2

Incorrect Peptide Assignments

Correct Peptide Assignments

No. of spectra

Discriminant search score ——



E-M lteration 3

Incorrect Peptide Assignments

Correct Peptide Assignments

No. of spectra

Discriminant search score ——



E-M lteration 4

Incorrect Peptide Assignments

Correct Peptide Assignments

No. of spectra

Discriminant search score ——



E-M lteration 7

Incorrect Peptide Assignments

Correct Peptide Assignments

'-.~

No. of spectra

Discriminant search score ——



Accuracy of the Model

1.0 100 spectra with
~ 0-?8 computed p ~ 0.9
£ 90% of them (90)
@)
s should be correct
O 04
o

A observed
- probability is
0.0 around 0.9

00 02 04 0.6 08 1.0

computed probability
test data: A. Keller et al. OMICS 6, 207 (2002)

Model is accurate




Discriminating Power of
Computed Probabilities

conventional SEQUEST Sensitivity:
thresholds fraction of all

correct results
passing filter

Error:
fraction of all
results passing

o e filter that are
'8.5 06 0.7 08 0.9 : incorrect

sensitivity
test data: A. Keller et al. OMICS 6, 207 (2002)




Discriminating Power of
Computed Probabilities
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Discriminating Power :
Example p > 0.9

Sensitivity:
fraction of alll
correct results
passing filter

Error:
fraction of all
results passing

0 = :
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Discriminating Power :
Example p > 0.5

Sensitivity:
fraction of all
correct results
passing filter

Error:
fraction of all
results passing

0 = :
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Can experts discriminate better
than model?

20 of the test spectra were assigned probabilities close
to 0.5 (in complete test dataset)

Of those, 10 were correct:

on average:
51% ‘publishable’, 24% ° L 25% ¢

and 10 were Incorrect:
on average:

11% ‘publishable’, 16% ° L T74%

)

J



Getting started with PeptideProphet

file.html

Interact merges files together into interact.htm,

then PeptideProphet runs model, computes
probabilities, and writes probabilities as first column



Getting started with PeptideProphet
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PeptideProphet Results

=+ INTERACT by J.Eng. Institute for Systems Biology - Mozilla {Build 10}: 2002051319}
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PeptideProphet Results: Model Summary

-+ PLOTMODEL v.1.2, by J.Eng @ Institute for Systems Biology, 2002. All rights reserved. - Mozilla {Build ID: 2002051319}
i Eile Edit Miew Search Go Bookmarks Tasks Help

i = ;' ~ \3 %E |J; hitp/fregis-front'cgi-hindplotmadel. cgithadelFile=/dataz/searchiakellerPIG_EXAMPLE: | @ Search Cj’ ~
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Back Farward Reload  Stop Print d

i 4hHome wfBookmarks g Red Hat Network g2 Training o Support g Software g Hardware g Developers g Embedded g Search g Documentation g Download Sort/Restore

Sensitivity & Error Rates

Estimated total rumber of correct peptide assigrments in dataset: 1546

Sensitivity (Red Line): fraction of all correct assigmments (1546 total) passing MPT filter

Error (Green Line): fraction of peptide assigrments passing MPT filter that are incorrect

MPT = Minimum Probability Threshhold to Accept

Sensitivity & Error

If you need an explanation, please contact Alexey Neswvizhskil (neswvifsystemsbiology. org) or

Aandy Eeller (akeller@systemsbiology. org) for more information.
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Reasonable Learned Discriminant Score
Distributions
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Suspicions Looking Learned Discriminant
Score Distributions
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PeptideProphet Results: Model Summary

OTMODEL w.1.2, by J.Eng @ Institute for Systems Biology, 2002. All rights reserved. - bMozilla {Build 1D: 2002051319}
Edit Miew Search Go Bookmarks Tasks Help
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Sensitivity & Error Rates

Estimated total number of correct peptide assigrments in dataset: 1546

Sensitivity (Red Line): fraction of all correct assigmments (1546 total) p

Error (Green Line): fraction of peptide assigrments passing MPT filter tha
MPT = Minimum Probability Threshhold to Accept

If wou need an explanation, please contact Alexey Neswvizhskii (nesviBsystem

fndy Eeller (akeller@systemshiology.org) for more information.
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PeptideProphet Results: Model Summary

/2 PLOTMODEL v.1.2, by 1.Eng @© Institute for Systes Biolo . ' /regis.systemsbiology.net/data2/search/akeller/TEST/interac
o) Y. 8 IC] T
File Edit ‘“ew Favorites Tools Help
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Address I&ﬁ http: fireqgis. systemsbiology .netjdatazsearch) akeller TEST finker act-andy-data, model bt
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eptidePro L results

Click here to) view more details of the at interact -0ix -Nandy glycprotZ.html raftz0.html

OPTICHNS: ICAT Exclude DeltaCn®* Entries

Sensitivity % Error Rates

FeptideProphet w. 1.0 Andrew Keller ISE

FINAL 1+ HMODEL after Z iterations:
nurnkber of spectra: 35
using training data negative distributions
prior: 0.000, total: 0.0
discrim score
pos: [(gaussian mean: 0.54, stdewv: nan)
neg: (gatens wl: 1,16, m2: 1.76, alpha: 0.35, beta: 3.30, =zero: -2.00)
negmean: 0.49
Tryptic term.
pos: (0.878 ntt=0, 0,122 ntt=1, 0.000 ntt=2)
neg: (0.886 ntt=0, 0.114 ntc=1, 0.000 ntt=2)
missed ol
pos: (0.972 nmc=0, 0.02Z5 l<=nmc<=Z, 0.000 nmc:>=3)
neg: (0.971 nme=0, 0,029 l<=pnmo<=2, 0,000 rnwo>-=3)
g B oi Lo e Uot o @l o oo var offset mass diff (offset: 0.00)
Probakility Threshhold \FT> To A pos: (0.11 wasad=-2.0, 0.26 massd=-1.0, 0.37 massd=0.0, 0.26 massd=1.0
)
neg: (0.11 wassd=-2.0, 0.26 wassd=-1.0, 0.37 wassd=0.0, 0.26 wassd=1.0
]

Senszitivity & Error

icat ovs
pos: (1.000 icat incompatible, 0.000 icat compatible)
neg: (1.000 icat incompatikble, 0.000 icat compatible)
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|
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PeptideProphet Results: Model Summary

L results
Click here to ¥iew o i Lhe analysi=s

P
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Sensitivity % Error Rates

FINAL Z+4+ MODEL after 11 iterations:
nurber of spectra: 4515
using no. tolerahle tryptic term. [ntt] 0 data as pseudonegatives
prior: 0.057, est. total no. correct: Z255.2
SEQUEST discrim score [fwal]
pos: [gaussian mean: 3.27, stdewv: 1.36)
nedg: [(gamns ml: 4.75, mwd: 23.54, alpha: 0.14, kheta: 35.31, =ero: -5.177)
negrean: -0.79
tolerable tryptic term. [ntt]
pos: [(0.011 ntt=0, 0.136 ntt=1, 0.853 ntt=2)
neg: [(0.752 ntt=0, 0.229 ntt=1, 0.01% ntt=Z)
missed ens. cleavages [mnc]
pos: (0.775 rmmoe=0, 0.224 l<=mumc<=2, 0.001 nmc>=3)
neg: [(0.415 rnme=0, 0.486 l<=mmc<=2, 0.099 nmco>=3)
var offset mass diff [mwassd] (offset: -0.60)
pos: [(0.00 massd=-2.0, 0.04 massd=-1.0, 0.53 massd=0.0, 0.33 massd=1.0,
0.05 massd=2.0, 0.04 massd=3.0, 0.00 massd=4.0)
o,
o,

neg: [(0.12 massd=-2.0, 0.13 massd=-1. 0.15 ma=s=sd=0.0, 0.15 mas=sd=1.0,
0.20 massd=2.0, 0.22 massd=3. 0.01 mas=d=4.0)

icat cys [icat]
pos: (0.022 icat=0 [(incompatible), 0.978 icat=1 [(compatilhle))
neg: (0.927 icat=0 [(incompatible), 0.073 icat=1 [(compatibhle))




PeptideProphet Results: Predicted Numbers
of Correct and Incorrect Peptides

Click here to ¥iew more detail=s of the analwvsis

’ﬁ http:/ /regis.systemsbiology.net,/data/search/julia

File Edit Miew Fawvorites Tools  Help

Back + = - @ = | @Search (4| Favorites E:B | %* = N=|

Address -i£| http: | fregis. systemsbiology netjdatasearchijulian/RAFT_PROBIAUGUST 1| @ Go

JOINT 1+/2+/3+ MIN PEOE THEESHOLDS FOR SFECIFIED EREQE EATES
ferr min prob ezt # corr g3t # incorr
0.aoo 1.00 44 o

010 . O 240 10

L0020 .53 965 20

L0025 34 969 2 6

O30 NG 973 a1l

L0420 23 978 q

LO50 .16 Q950 53

LO75 08 954 al

100 05 Q956 111

Sensitivit

1
.9
.8
.7
-
.3
.4
3
.2
.1

5]

oo ooooaoood
oo oo ooood

l|

& Done @ Internet




PeptideProphet [M+2H]** vs [M+3H]3*
Precursor lons

ZY INTERALT by 1.Eng, Institute For Systems Biology - Microsoft Internet Explorer
File Edit ‘iew Faworites Tools  Help

s~ Back - D 8] 4| Qoearch [GFavorites Cf | Ehy- S - =

Address |-§| http: [ jreqis-front/datazsearch) akeller " 2OURSEMARCELLO inkeract. htm

gnrt;p&stnre:|Sunbydtafilename ﬂ G Help
FILE:|fdata2fsear:hfakeIIer,’CDUF{SE,’MAF{CELLDfintera:t—n Tryptic: 11 2 HaxMissed:|% DelRows:

¥Corr: | +1| +2| +3| dcn: I_| RSp: Inclid: Markii: Nx3/T: |
Exclude charge: +1 +20  +31 Txcl: | THEZ: I_| J.Eng 0472000

o

(+2.5)
(+0.9)
(+1.7)
(+0.1)
(+0.1)
(+1.1)
(+2.9)
(+1.9)
(-0.3)
(+0.5)
(+1.0)
(+1.1)
(+1.1)
(+1.9)

. 95999 ge0 ./ 012403 02.1445.1448.
. 95999 g6l ./012403 05.1449,1449,

95991 869 ./012403 05.1455.1455.

L9965 887 ./012403 05.1470.1470.
890 ./012403 05.1473.1473.
591 ./012403 02.1474.1474,
895 ./012403 05.147&.1478.
896 ./012403 05.1475.1478.
90z ./012403 05.148583.1453.
905 ./012403 05.14585.14585.
902 ./ 012403 02.1455.1458.
913 ./012403 05.1490,.1490,
930 ./012403 05.1508.1508.
934 ./01z2403 .1511.1511.

857.
8586.
859.
d60.
861.
g62.
863

864

865.
8bo6.
867.
868.
869.
870.

1995,
1995,
17935,
1341.
1z270.
1341.
1z270.
13085.
1332.
1395,
2017,
1792,
13589.
1341.

. 1945
o027
. o053
L0992
. 1858
. 58789
3294
L0315
.GB835
7634
L2738
L0163
. G639
L7208

233 Ga3.
. 1589 447 .
271 443 .
La33E 2135.
. 185 473.
.455 la23.
230 Sao.
375 aal.
094 1lal.
281 4z1.
090 455.
LB TG,
170 194.
. 4389 Q4.

b
s
I S T S J ™ Sy Sy Sy B gy W Ay

=]
[}

I SR R SR LN R LN [0 o o [ T [
=]l -1y oo-190-1-1-1-11w0o030
[ TR U T S TSR U SRR SV R o B R T S
L N e Y = (RN o O T S i T N B e O R B

[

KON o o o 7« VO o O o o O ]
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PeptideProphet Results: Incomplete Analysis

== INTERACT by J.Eng. Institute for Systems Biology - Mozilla {Build 1D : 2002051319}

Sort/Restore:| S0rt by charge state
FILE . dataZ/search/akeller'PIG_EXAMPLES /interact-exampled-data Tryptic: 1 MosMissed:|? DelRows:

HCorr: +1 +2 +3 dCr : RSp: Inclad: Markss xS/ T: Proh: HPRESS
Exclude charge: +1 +2 +3 Txtl: TxEE: J.Eng 0472000

16898 _ Sraftdll] . 4060, 4008, 8 1962,
1700 . Seaft2021. 40424042 2 1587,
1702 _Sraft2021 4044 4044, 2 1456,
1704 . Sraft2021 4046, 4046, 1476
1706 _ Sraft2021. 4048 4048, 1455,
1708 _Sraft2021. 4050, 4050, 1464,
1711 fraft2021. 4066, 4066, 1447,
1714 fraft2021. 4072 4075, 1338
1716 _ fraft2021. 4076, 4076, 1858,
1718 _fraft2021. 4082, 4035, 1964,
1720 _ fraft2021. 4088, 4083, 1553,
1722 _ fraft2021.4090.4090. 13582
1724 . Sraft2021. 4092, 4092, 1456,
1726 Sraft2021.4094. 4094, 1457,
1729 _ Sraft2021.4102 4102, 1477,
1731 Sraft2021.4114. 4114, 15495,
1734 _ Sraft2021.4118 4118, 1239
1736 _ fraft2021 4154 4124, 1859,
1738 _Sraft2021. 4126 4126, 1964,
1740 _ Sraft2021. 4146, 4146, 1457,
1743 fraft2021.4152 4158, 1432
1745 Srafta021. 4162 4165, 1320
1748 . Sraft2021.4170.4170. 1962
1750 . Sraft2021 4172, 4172, 1310
1752 Sraft2021 4176 . 4176, 1957,

46 Sraft2021. 0760, 0760, 1614,
165 Araft2021.1030. 1030, 3a00
E03  _Sraft8021. 14084 1424 2144,
709 Araft2021. 1663, 1668, 2291
1622 _ fraft2021. 3544, 3544, 1937
1e60  _ Araft2021. 3942 3945, 2737

+1.
(+1.
(+1.
(+1.
(-1.

4 T/ 1k

2 10/ 24
457 9/ 26
130 Qs 22
) Qs 22
B2 _11/ 28
28 _10/ 26
280 5/ 22
42 9 28
212 _1of/ 32
a0 T/ 26
341 T/ 28
162 11/ 2%
13 117 24
40 Qs 22
45 10/ 24
1 6, 20
152 TS 36
53 9/ 38
185 75 16
379 6/ 24
207 4/ 18
364 6/ 30
19 5F 2z
94 T/ 36
280 9, 52
1 377132
11 _287 &0
1 _30/ 68
300 TS 56
5 _10/5 76

[} o] ] | ) | ou] [ ou ) [ | | ] ] | o)

[} o] ] | el | ou] (o] [ | ) | o] ] | o)

e RN N R N e o e R A O O o B o o a0y s B B SO I s A O R e e
HHEABERREREOOORORRRRRERREORRFOR R E R
e Y Y B e Y B B e B e N e B e e e e e e e e e e e e e e e e e e e e e

[N () %) [IRY [F5] (5]

Document: Done (6436 secs)




Sort Data by Computed Probability

’E INTERALCT by 1.Eng, Institute for Systems Biology - Microsoft Internet Explorer

File Edit “iew Faworites Tools  Help

= Back - D 7] &l | Disearch [GFavorites 4 | 5y Sh - =]

Address |§_| http: //regis-front/dataz search) akeller }COURSE/MARCELLO finteract. htm

e P s |Applyﬁltering helow .. no sort or restore GOl Help

Apply filtering below ... no sort or restare
| datad/seq G ) i .14
FILE:) ! Festore original dataset (RestoreOrig) p | HaxMissed: belRows

¥Corr: [ +1r Festare previous dataset (Lastlndo) :I— I-Iar}-:AA:l_ MxS/T: [
=ort by protein —
=ort by protein but exclude single hits

SOt by prl:utem and only keep single hits

Exclude charg LEng 0442000

Sort by probability score
mort by < Corr

ot by dCn

mort by dta fllename

« g LT LS TLD ==

LA012403 DT.1455.
LA012403 07.1241.
LA012403 07.1116.
LA012403 07.2252.
LA012403 07.1560.
LA012403 07,2594,
LA012403 07.2754.
LA012403 07.3276.
.5012403

s

(O o O o o o
f o oo ocoocoooooaooaad
| O -1 & OO0 -1380H-1d

O T L S it I S R R i e Nt I
1 & = -1 0 > -1 o 0 nH




Some Options for Interact

interact-noicat.htm

Specify Parameters

Lacal Home
Class Exercises

Please specify the Interact and {optional) PeptideProphet parameters. Then click on

Intro page

FAw to mzxhil {8 Clly Input/Ouiput Haramelters

Seguest add File: | Browse
InteractPeptideProphet Fila List

ASAFPRatio g

ProteinProphet CiyInetpubhwmmrroothclasshdaya\Thconstrainediyhal oICAT:S 50.htnl

Start session Lacation for output files: |C:\netpubiwwrooticlassiday2\Unconstrained

Fename output files: Inoicat

SPC
SPC Tools
Sashimi e
PeptideProphet WARNING: C
FProteinProphet




Some Options for Interact

fﬁ ISB Interact/PeptideProphet - Web Interface - Microsoft Internet Explorer

Fil=  Edit ‘“iew Faworites Tools  Help

: rp het pro I:-at-ili‘q,-' of results to -:Ii-_=.|:-Ia'g,-'.:]

n&yime Options: & =in Enzyme (defauli)

Wasin Enzyme



Use of Supplemental Discriminating Information

PeptideProphet automatically uses ICAT information
when it thinks appropriate. Nevertheless, you can
explicitly set whether or not ICAT information is utilized

IUze M-glycosylation motif information for computing probabiliies [T

: are advanced Pepiic ophet options. You might want to leave these unchanged unless
tusel




DeltaCn* Example

Exclude charge: +10 42 43 Txtl:r'l Txtz:r'l J.Eng 04/2000

L g99d 91 ./ocfgel digest
.59994 625 L/sergei digest

.0oaoo 117 L/sergei digest
.0oaoo 712 L/sergei digest
.0oaoo 651 .L/sergei digest

.9951 942 L/sergei digest
.99397 1045 ./3ergei digest
.5970 gel ./sergei digest

L9810 B2l ./3ergel digest
L0ooa 176  ./3ergeil digest
.9995 328 ./sergei digestc

.29899 1150 S2ergei digest full 01.24587.2489.
L9505 940 S2ergei digest full 01.20583.2087.

| 0. 2900 PO st & Tull OT1.1027.1025.
.9770 766 ./sergei digest A full 01.1783.1785.

L9952 r——emesaedetgeat 3 fll 04 1955, 10907
L5986 738 .Ssergei digest & full 01.1727.1729.

. BBz
L6530
L5001
L0772
LET3T

0. oo00 Jacod.
0.307 1201.
0.286 lez7.
0.393 1143.
0.362 £av.
LET7aT 0,299 1343.
[(—0.5) L5012 0O.3E52 1236.
[—0.4) L4874 0.348 452 .

o

o

o

o

o

L)

0.

1955 . I
4
4
4
4
4
4
4
[(—0.5) 4.4192 315 1731.
4
4
4
4
T
4
Ful
4

2046,
2100.
1332.
3106,
2314.
2804.
2314.
1450.
1953.
1440.
2219,
25058.
1aal.
2119,
A

O

LULL UL Ue0 . UOeUE .
full 01.15253.1525.
full 01.0663.0665.
full 01.1675.1651.
full 01.1569.1571.
full 01.2085.2089.
full 01.2277.2279.
full 01.1951.19535.
full 01.1529.1531.
full 01.0767.0767.
full 01.1009.1011.

[—. O]
(—0.7]
(+0.0]
(—0.3)
(+0. 4]
(+1.4)

(+0.7) LA109 LA14 1966,
(+0.8) LA102 302 2269,
(—0.5) L3932 L334 1350,
(—0.3) L3518 1166,
=] PP ] P B
+1.2) L2653 35e* 1147 .4
R EEOE Cens —g55.4

L2589 0,427 1676.8

o) PNy PN AN [ P P P P PO P P S
| O N Y % T MR PO Y S I o O N L R M |

pa o oo o oo feo Joo | | | foo | oo | oo oo |
N Ll L e e s e e e e e

n o oy T o O o o o O e o o o O o O o T [
b n W0 n =10 -1 -10 -1 W O bMdw

[ M+H) +

3W:PHSS HUMAN E.VAIOLNDTHPALSIPELME. I
Sp|PO0459 | PHSZ EABIT +2 K.VAIQLNDTHFILATIPELME.V
SWH: PRED HUMAT +3 A.WPEAGLELFALHAZQFITCL.L
GPIATO275E6 1 3. VAKLLHPOLTCRLLELED.T




DeltaCn* Options

WAF:N"I“J: ¥ o 2 ve these unchanged unl
Vol are an




Ongoing Developments for
PeptideProphet

Optimize for various additional mass

spectrometers
New discriminant function

Adapt to additional methods for assigning
peptides to tandem mass spectra

Mascot v~

COMET v~

X!ITandem

Others



Pep3D mzXML Data Viewer

Xiao-jun L1

1. Main features of Pep3D

2. Evaluating sample quality
3. Evaluating LC-ESI-MS/MS performance



1. Main Features of Pep3D

Pep3D Image for LC-ESI-MS Data

This program displays LC-ESI-MS data stored i me¥ WL format in a Pep3D image.
Developed by Dr. Xiao-jun La at Institute for Systems Biology,
Data: October 8, 2002 FILE: |fdata2fsearc:h,f\wanfpcumplexﬁUPFﬁjpEBfinteract—data i

ZCorr: [ +1| +2| +3| dcn: [ BE3p
Exclude charge: +10  +z[  +3[ Tut1: [

Sort/Restore: |Applyfiltering below ... no sort ar restare

specify parameters here:

s Full path of interact-data htm or m=¥M{L file: :
Example: fdataZisearchfaoun/ASAPRatio demofinteract- 1ws1-data htm G‘E”E“ﬂte Pepil image | saveas | Penil.htm =
O fdatadfzearchidan/17_mix folden™ me3 0L

| 0.1597 168 ./p200.0774.0774.2  930.0 (-2.1)
Data in "mnteract-data. htrn” @ onginal ¢ filtered 0.7852 178 ./p40.0803.0803.2 1403.5 (+0.4) 1

M/Z range: | Full MES| <=

Gridl2 Image Crid!

Elution time range (in rin): | Full ME= ==

Gridll5  Tmage Grid2 , .

Tntensity ranee Junit of background wle==T qzlr D].Sp]ﬂfji" pﬁptldﬁﬂ:
: age (ridl< S . Im

Score type: | PeptideProphet probability >SS :=-=|III.5 -::=| COIE t.rﬁilpﬁ' FI

Mapping function: | Linear -l

Image type: |Full -

Mappmng function] pentie

Itnage type: W.ﬂ.”_

Generate Pep3D image | save a5 | |Pep3D.htm



Pep3D Images: Type A

Intensity range:

Display peptides:

=
'
o
0
=
4
'
=
-l

20 40 B0 80
time {min)




Pep3D Images: Type B

Intensity range: | unit of background >

I'11 7 peptide “H" Ium"r'ml

rllh-lhlllt "

=
'
=
0
=
4
e’
=
=

CID (1198)

time (min)




Pep3D Images: Type C

Intensity range: | unit of background >

Display peptide “H" Ium"r'ml

lrob bility

=
'’
o
0
=
4
e’
=
]

peptide (221)
20 40 60 80

time (min)

peptide probability

0.6 0.7 0.8 0.9 1




Pep3D Images: Type D

Intenstty ratge:

Display peptide

SCOrE ype: F'er.

intensity

Mappig function

Tmage type: 'le

peptide/CID
(221/1196 = 0.184783) 20 40 60 80

time {(min)

peptide probability

0.6 0.7 0.8 0.9 1



Display CID Spectrum

T T T ' T TT | ' T TT1 | ' T TT1 I
« scan number; 7E3
C ; s ] miz: 607.573003
L o _‘; - time: 40491000
1500 — - - - T « IDn
C = ':‘P_ i 0.9157 155 /pd0.0783.0783.2 12142 (-0.1) 1.6765 0,144 244 8 64 8/ 16 TPIN0285535 B VTC
- a SRR I - 0.713 (56.292%) 0.845580 1
1350 ¥ b el -,
B i Lo P e T T T T T
- 'I-l."' ..- T .I.-'. FIE, -
. R e Ge+07 i . i
1200 — Mt T ol v g
. O R e R e i I 5
N e ‘\'-:‘-. g A e B .-"..}; ] ":: cerad - |
’ [ - RS ensteed 1 i dev0?
E 1050 - .. * o .ﬁ-'n“"-.:_-..:'fis — % | %
B 'II."I-I"V-L A Jipytel TR ‘: 1 + 1 Se+@d - " B
NI o S e s AR ] |
B ) s ‘,. l.‘ o '1*:"‘ .‘ _.. 4 - 2et0r
90— ra R L TaMees o I 9
| R e o e i . 1 de+@d - m oo 7
- . ey s _ | - o
- e e Bl R R T -0 BB
701 - ARa SSEY L - es0s | 1
B 'i. Ll I---?'-':-é' b T ! i
L] L] - - -m
- -".'.'.-*'-3‘5.*}.".'.-?-"- . i
60O W Tn Ik — oo
- . m " [ = -1
i » ] le+dd
11 1 I | I I . | | 111 | L1 1 1 I
20 40 60O 80
t'j'me {min} ’ 5] caa 4@ E-BB s 1] 1aGa 1za@a

peptide probability CID

L TT—— [

0.5 0.6 0.7 0.8 0.9 1

g" ortto cta !u:harge: FHl 2431 +4 >



Features: 2720

|“I|||I| aodid

intensity
4]

S
1

+
o
o]

<

62.9 /9 87.9 100 112.5 125
time (min)




Features: 2720

CIDs: 1633

[+3]
o

+
=)
53]

intensity
4]

<

62,5 75 87.5 100 1125 125
time {min)

CID
O




intensity

Q 12.% 25 37.5 50 62.% /b 87.% 100 112.5 125
time {min)

peptide probability CID

Do e a

0.9 0,92 0,94 0,96 0,98 1

Features: 2720

CIDs: 1633

IDs: 363

ID/CID: 22%
|ID/feature: 13%




2. Evaluating Sample Quality

20

40 B0
time {min)

=
'
o
0
=
4
'
=
-l

Good sample:

Plenty well-localized spots
without any particular
large-scale pattern



Empty Sample

peptide/CID (0/311 = 0)

200000
EO0000

BOOOO0

*Very few localized
_ 400000 SpOtS

=
'
-~
iy}
o
Q
i’
£
|

Sl *Mainly background
- 200000 IlOiSC

;—190000 *Distinguishable from
o no-spray

30 50 90 120 150
time {min)




Chemical Contamination

)
G — | | | Q4 | O k¢
1 1568 2068 25 28 3508 46868 458 5@

m" =z



Features of Chemical
Contamination

Long horizontal streaks

Low m/z values

Singly charged 1ons

Many wasteful CID attempts

Can be put on CID exclusive list
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Features of Polymer
Contamination

Localized spots running off-diagonally
Equal distance 1n m/z

Almost equal distance 1n time

May be 1onized in multiple charge states
Many wasteful CID attempts

Eliminated by better washing steps?



3. Evaluating LC-ESI-MS/MS
performance

Good performance:

*Peptide 10ns evenly
distributed

*Smooth background

=
'
o
0
=
4
'
=
-l

*Majority of intensive 1ons
fragmented

End too soon

20 40 B0
time {min)




Insufficient Sample Separation

peptide/CID
(527/2150 = 0.245116)

Large proportion of
Intensive 10ns not
fragmented

intensity

Insufficient SCX separation

*Non-optimal RP separation

a0 120 150
time {min)

peptide probability

.2 0,6 0,7 0.8 0.9 1



Non-Optimal RP Gradient

A S P Bt

15t ID: 42 min

Effective range: 60-120 mins
""""""""" *Horizontal streaks
Larger slope at beginning

*Slower slope 1n middle

*Higher %B at end

a0 120 150
time (min)

peptide probability

B 0,8 0,7 0,8 0.9 1



Bad RP Column

Same sample,
same system,
different columns

peptide/CID

(354/3004 = 0.12)
(224/2760 = 0.08)

37% less IDs

intensity

Quantification also
suffers

80 120 40 80 120
time (min) time {(min)




Summary

* Pep3D can be used to evaluate sample
quality and LC-ESI-MS/MS performance

 Other applications possible

* Suggestion: Use complex standard sample
to check system performance



Exercises with PeptideProphet

* Accuracy of computed probabilities

« Utility of conventional SEQUEST score thresholds
and PeptideProphet analysis

* Model results for ICAT data analyzed with and
without ICAT information

* Model results for unconstrained vs. tryptic
constrained search results



Exercise Datasets

Many of the exercises utilize SEQUEST search
results generated from datasets for which true
results are known:

* HalolCAT: ICAT halobacterium sample searched
against a halo_plus _human protein database

PeptideProphet run on these datasets
automatically colors all correct corresponding
proteins red !
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