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Proteonancial Advisor???



Deciding which tools work for you…………

mascot
sequest

Xtandem!
Protein
ProphetAndromedaScaffold MaxQuant

Vista

Saint

Vista



Shotgun Proteomics Works from the “Bottom Up”

Start with a mixture of proteinsp

Intermediary experiment?Intermediary experiment?

Digestion ESI



The Guts of the Mass Spectrometer

Schematic of the LTQ Orbitrap Velos MS instrument with three new hardware 
implementations.

7.18.2002 7.18.2002

Olsen J V et al. Mol Cell Proteomics 2009;8:2759-2769



Fragmentation viaVibrational Excitation (CAD, CID)
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Pi  f I f i
110919_GYogalingam_MochlyRosen_01_GAD... 9/19/2011 7:52:35 PM

110919_GYogalingam_MochlyRosen_01_GADPH_Trypsin #9932 RT: 50.17 AV: 1 NL: 2.88E6

Pieces of Information

T: FTMS + p NSI Full ms [300.00-1800.00]
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 l  ll b i fiMANY tools- a small briefing
PI
Aebersold (ISB) G gi Mann Smith YatesAebersold (ISB)       Gygi          Mann      Smith   YatesM

all

M
ac

N
es http://www.nesvilab.org/software.html

https://gygi med harvard edu/index html/softwarelick

cC
oss

vizhs k

https://gygi.med.harvard.edu/index.html/software
http://www.systemsbiology.org/Public_Resources/Downloadable_Software
http://proteowizard.sourceforge.net/downloads.shtml
http://www.biochem.mpg.de/mann/publications/index.html
http://omics.pnl.gov/
http://fields.scripps.edu/downloads.php

Tool(s)

kii

SuperHirn A score MaxQuant SequestDanteRSuperHirn
msConvert/proteowizard
Peptide Prophet
Protein Prophet

A-score
RDDBS

MaxQuant
Andromeda
Perseus

Sequest
Skyline
ProLucid

DanteR
DeconMSn
Viper

p
Saint



Nature Methods
Nesvizhskii et. al 2007

35 programs!



Identifying Peptides



Critical Nature of Proteases  Combined with Critical Nature of Proteases  Combined with 
High Mass Accuracy  for DB Searching

Benefits of Accurate Mass MeasurementsBenefits of Accurate Mass Measurements

Distinguishing K/Q (36.4 mDa) :
With 1 ppm accuracy, K/Q can be distinguished in peptides up to 3.8 kDa.

Identification of post-translational modifications :
T ti  tid    997 514 /  0 001 D  (1  ) 

D t  b s  s rch :

Tryptic peptide, m = 997.514 +/- 0.001 Da (1 ppm accuracy) 
Did not match any peptide sequences predicted for methionine-tRNA ligase
Assumption: it is a N-terminal peptide with Met

1
 removed and Ser

2
 acetylated.

Testing: calculated mass m=997.5126 Da, agrees with the measured value
(Gibson, B.W.; Biemann, K. Proc. Natl. Acad. Sci. U.S.A. 81 (1984) 1956)

Data base search :
Tryptic peptide, m = 1513.794 +/- 0.001 (1 ppm accuracy) 
Unique sequence, GAAFICAIHSPTLR, is found in the yeast genome.
Four sequences are found in a non-redundant database of 203 000 entries;
         including TFHRIQQMLPDK with the same elemental composition.
With 1 ppm accuracy  tryptic peptides may be unique for a small genome

(Jensen, O.N.; Podtelejnikov, A.; Mann, M. Rapid Commun. Mass Spectrom. 10 (1996) 1371)

With 1 ppm accuracy, tryptic peptides may be unique for a small genome

From precursor mass measurement
we can provide suggestions



Heuristic – ie Sequest
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T FTMS NSIF ll [30000 180000]

Similitude
T: FTMS + p NSI Full ms [300.00-1800.00]

70

75

80

85

90

95

100

917.4673
z=2

110919_GYogalingam_MochlyRosen_01_GAD... 9/19/2011 7:52:35 PM

110919_GYogalingam_MochlyRosen_01_GADPH_Trypsin #9939 RT: 50.19 AV: 1 NL: 5.26E3
T: ITMS + c NSI d Full ms2 783.88@cid35.00 [205.00-1580.00]

65

70

75

80

85

90

95

100
991.5853

710.9973

1120.6641

775.2021

878.5140

689.2386

Experimental
Xcorr-

30

35

40

45

50

55

60

65

R
el

at
iv

e 
A

bu
nd

an
ce

309.2286
z=1

421.7601
z=2 611.9807

z=3 10

15

20

25

30

35

40

45

50

55

60

R
el

at
iv

e 
Ab

un
da

nc
e

576.1604

1420.8583
664.4736

1291.6224
430.2188

861.5745 903.3961447.1462 654.4725412.2764
1177.6992

558.2138 1103.85782832263 137604273902866

vs. “Fit”

ΔCN
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Theoretical
ΔCN
How sure 
in  relation 
to other 
peptides
(b tXTandem! Considers

Ion intensities
(best v.
next best)



Probability Based – ie Mascot/Andromeda
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Calculating a 
probability that the 
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experimental 
fragments couldfragments could 
have occurred by 
chance.

Cox et. Al, J. Proteome Res. 2010



Mass accuracy helps p-values in a probability based model

15



Database Independent – sequence tag approach/ DeNovo
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ID a “sequence
tag” from the MS/MS

A W G
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tag” from the MS/MS
spectra and 
subsequently
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subsequently 
perform a hybrid 
search or attempt
to DeNovo 



Determining a FDR

Target Decoy Database ApproachTarget Decoy Database Approach

MAGPRPSPWARLLLAALISVSLSGTLANRCKKAPVKSCTECVRVDKDCAYCTDEMFRDRRCNTQAELLAAGCQRESIVVMESSFQITEETQIDTTLRRSQMSP
QGLRVRLRPGEERHFELEVFEPLESPVDLYILMDFSNSMSDDLDNLKKMGQNLARVLSQLTSDYTIGFGKFVDKVSVPQTDMRPEKLKEPWPNSDPPFSFKNV
ISLTEDVDEFRNKLQGERISGNLDAPEGGFDAILQTAVCTRDIGWRPDSTHLLVFSTESAFHYEADGANVLAGIMSRNDERCHLDTTGTYTQYRTQDYPSVPTLVISLTEDVDEFRNKLQGERISGNLDAPEGGFDAILQTAVCTRDIGWRPDSTHLLVFSTESAFHYEADGANVLAGIMSRNDERCHLDTTGTYTQYRTQDYPSVPTLV
RLLAKHNIIPIFAVTNYSYSYYEKLHTYFPVSSLGVLQEDSSNIVELLEEAFNRIRSNLDIRALDSPRGLRTEVTSKMFQKTRTGSFHIRRGEVGIYQVQLRALEHV
DGTHVCQLPEDQKGNIHLKPSFSDGLKMDAGIICDVCTCELQKEVRSARCSFNGDFVCGQCVCSEGWSGQTCNCSTGSLSDIQPCLREGEDKPCSGRGECQC
GHCVCYGEGRYEGQFCEYDNFQCPRTSGFLCNDRGRCSMGQCVCEPGWTGPSCDCPLSNATCIDSNGGICNGRGHCECGRCHCHQQSLYTDTICEINYSAIH
PGLCEDLRSCVQCQAWGTGEKKGRTCEECNFKVKMVDELKRAEEVVVRCSFRDEDDDCTYSYTMEGDGAPGPNSTVLVHKKKDCPPGSFWWLIPLLLLLLP
LLALLLLLCWKYCACCKACLALLPCCNRGHMVGFKEDHYMLRENLMASDHLDTPMLRSGNLKGRDVVRWKVTNNMQRPGFATHAASINPTELVPYGLSLRL
ARLCTENLLKPDTRECAQLRQEVEENLNEVYRQISGVHKLQQTKFRQQPNAGKKQDHTIVDTVLMAPRSAKPALLKLTEKQVEQRAFHDLKVAPGYYTLTAD
QDARGMVEFQEGVELVDVRVPLFIRPEDDDEKQLLVEAIDVPAGTATLGRRLVNITIIKEQARDVVSFEQPEFSVSRGDQVARIPVIRRVLDGGKSQVSYRTQDG
TAQGNRDYIPVEGELLFQPGEAWKELQVKLLELQEVDSLLRGRQVRRFHVQLSNPKFGAHLGQPHSTTIIIRDPDELDRSFTSQMLSSQPPPHGDLGAPQNPN
AKAAGSRKIHFNWLPPSGKPMGYRVKYWIQGDSESEAHLLDSKVPSVELTNLYPYCDYEMKVCAYGAQGEGPYSSLVSCRTHQEVPSEPGRLAFNVVSSTVT
QLSWAEPAETNGEITAYEVCYGLVNDDNRPIGPMKKVLVDNPKNRMLLIENLRESQPYRYTVKARNGAGWGPEREAIINLATQPKRPMSIPIIPDIPIVDAQSGED
YDSFLMYSDDVLRSPSGSQRPSVSDDTEHLVNGRMDFAFPGSTNSLHRMTTTSAAAYGTHLSPHVPHRVLSTSSTLTRDYNSLTRSEHSHSTTLPRDYSTLTS
VSSHDSRLTAGVPDTPTRLVFSALGPTSLRVSWQEPRCERPLQGYSVEYQLLNGGELHRLNIPNPAQTSVVVEDLLPNHSYVFRVRAQSQEGWGREREGVITI
ESQVHPQSPLCPLPGSAFTLSTPSAPGPLVFTALSPDSLQLSWERPRRPNGDIVGYLVTCEMAQGGGPATAFRVDGDSPESRLTVPGLSENVPYKFKVQARTT
EGFGPEREGIITIESQDGGPFPQLGSRAGLFQHPLQSEYSSITTTHTSATEPFLVDGPTLGAQHLEAGGSLTRHVTQEFVSRTLTTSGTLSTHMDQQFFQT

Elias et. al. Nat. Meth. 2007



FDR ff  FDR offers transparency

Independent of the search of choice, instrument, ect.p , ,
data can be filtered

GGlobal peptide FDR known



P i  I fProtein Inference:

A t i l LC MSMS f l i tA typical LC MSMS run of a complex mixture
Produces 15000 fragment ion spectra- of which
50-60+ % are ID’d-50-60+ % are ID d-

Now decide which proteins they belong to……..p y g



Protein Inference: highly homologous proteins and Protein Inference: highly homologous proteins and 
redundant databases

Proteins with high degree of sequence homology

Alternative splice forms

Differentially processed proteins



i  f    i  il bl

Generate a protein FDR

Protein Inference:  some strategies available

Generate a protein FDR
Hierarchical grouping

Group by familyGroup by family

ButBut…..

Reiter L et al. Mol Cell Proteomics 
2009;8:2405-2417

Kall et al. Nat. Meth. 2007



D t bDatabases

Unique peptideUnique peptide 
sequence

Or 

D tDegenerate

22



Vi li i  Y  D S ff ld Visualizing Your Data- Scaffold 



Visualizing Your Data- Scaffold  Tools and Visualizing Your Data- Scaffold  Tools and 
Caveats



S ff ld Scaffold cont.



Spectral Counting

Scaffold  and Spectral Counting

Spectral Counting  

• Spectral count correlates well with protein abundance
• Fold change can be calculated and statistically evaluated• Fold change can be calculated and statistically evaluated
• Simple and straightforward implementation
• Sensitive to protein abundance changes – for abundant

proteins 2 fold change easily detected with highproteins 2 fold change easily detected with high
confidence

Limitations
• The response to increasing protein amount is saturable
• Noisy data at low spectral counts – large difference in
spectral count necessary to determine significant changespectral count necessary to determine significant change



Scaffold and Degenerate Peptides

27



S i i  di l  i l liStatistics display experimental outliers

28



N b  f id  ID’ / i  d i  FDRNumber of peptide ID’s/protein and protein FDR

29



fOther Tools for Post Processing re-analyzing .RAW data

MaxQuant/Andromeda/SILAC
Free!Free!
Powerful
Works on your PC
Proficient with SILAC

htt // t /http://maxquant.org/



Andromeda

MaxQuant’s- MascotMaxQuant s Mascot

Caveat-

high mass
i t taccuracy instruments

< 20ppm

Cox et. al JPR 2011



M QMaxQuant

The panels show the distributions 
of scores in the forward (blue) and 
reverse (red) database with 
peptide length (L) as the 
parameter. MaxQuant filters 

t ti l hit b i ipotential hits by a priori 
information, which moves the 
reverse hit distribution far to the 
left. These distributions are used 
to calculate the false-positive rate 
for peptide identification as a 
function of peptide length.

Cox and Mann Nat. Biot. 2008



Saint- significance analysis of interactome

AP/IP
Free!

probabilistic scoring of affinity purification
mass spectrometry datamass spectrometry data

True interactors vs. non-specific bindersp

http://saint-apms.sourceforge.net/Main.html
Ch i t l N t M th 2010Choi et al. Nat. Meth. 2010



S i  li   l  dSaint relies on spectral count data

(a,b) Interaction data in the presence (a) and absence (b) of control purifications. Schematic of the experimental AP-MS 
procedure is shown at the top and a spectral count interaction table is illustrated at the bottom. Ctrl, control; rep, 
replicate; freq, frequency. (c) Modeling spectral count distributions for true and false interactions. For the interactionreplicate; freq, frequency. (c) Modeling spectral count distributions for true and false interactions. For the interaction 
between prey i and bait j, SAINT uses all relevant data for the two proteins, as shown in the column of the bait (green) 
and the data in the row of the prey (orange) in a and b. (d) Probability is calculated for each replicate by application of 
Bayes rule, and a summary probability is calculated for the interaction pair (i,j).



S   l   li l  i   h dSo many tools, so little time, so much data

Ask questions-

Be proactive-

No one understands your research as well as you do
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