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Outline

Our perspective and approach

Continuous measures, preservation of information, and handling ambiguity
Ease of use

Current proteomics community issues
Reproducibility and the comparison problem
Error rate assessment and reporting

Future issues

Data standards
Proteomics community cooperation and collective efforts
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Varying Search Space on a Continuum
Taglets for Sequence Temperature Value (STV)

Sequence Tags in Order

_ : ST, Tl, STI, AS, DI, DIN, SE, EQ, NA, SEQ
of Decreasing Certainty:

>DHE3_BOVIN (PO0366) Glutamate dehydrogenase 1, mitochondrial precursor (EC 1.4.1.3) (GDH)

| ' |
MYRYLGZRLLLSRE-PEELGS#SADSAﬂLLGWRRGpPRﬁRPQPGLUPPERRHYSEA#RDREDD

PHEE KMy par r LRigaAS IVEDKhJHED LETIRET EEQK%NR‘JRS]J LRITKPCNHVLS LS%PIRRDD
I
GSWEVIEGY, DHSOHRTPCKGGIRYST DUS‘JDEUK& LAS Ll\iT YRCAVVDVPFGGAKAGVEIN

PENYTDHNEL KITRRFTME LAKKGE IGH TYASTIGI YDINAH

L |
ACVTGKPLD QGGIHGRISATGRGVEHGL Jauk: TPL’_—?FL’_—Lr IV LH
ILGEFE. KIYEGSILEVDCDI

s A segment with cold STV pKE—z aDFKLQHG
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: A segment i,-”'—-éﬁ[f mer STV DtteSt STV in this proteln

Mol. Cell. Proteomics, 6:1638-1655, (2007)
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The Paragon™ Algorithm Key ldea:

* For the search of a single spectrum, the allowed search space
applied to each sequence region should be proportional to the
degree of tag evidence implicating that region.

4 Mol. Cell. Proteomics, 6:1638-1655, (2007)
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How to Model Search Space?

Conventional search engine: discrete boundaries.

Try all these mods for all
regions of the database

ITRAQoON Y

Probability of Feature

Never try these mods

Pyroglutamic acid of E
Dehydration of E,D

5 2007 Applera Corporation and MDS Inc.
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How to Model Search Space?

The Paragon Algorithm: ‘Feature probabilities’ give a
continuous description of search space elements.

Try only most likely mods
for ‘cold’ segments

Try only more likely mods
for‘warm’ segments

Try all mods for ‘hot’
segments in the database

Probability of Feature

Pyroglutamic acid of E
Dehydration of E,D

-
Same idea with digestion features, tolerances, etc.
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Simplified Informatics
The algorithm enables a new kind of user interface

+ Informatics expertise is not necessary for success

All ‘algorithmic’ knobs are gone - mass {olerances, number of missed cleavages, digest
settings, which modifications)to choose, or multi-pass search strategies

+ Describe the sample, the |D focus, and search effort

Paragon Method

Paragon Method: | Standard method - EColi Project =)
Describe Sample Specify Processing
Sample Type: [iclentification ~| | [ uantitate
Cys Alkylation: |lodoacetamide ~| | | IDFocus: ¥ Biological modifications
Ul Arning acid
Digestion: ETr':.fpsin ;l Uzer-defined modifications
Instrument: |asTAR ESI v | Database: | combined_KBMSS.0. 20050302 -
Special Factors: | Phosphoryliation emphass M Search Effort
Gel-based ID 3
id ¥ C Rapid ID @ Thorough ID
Species: EEsﬂreridia coli -
Detected Protein Threshold [Unused ProtScore (Confi] =& [ENTEENTS
! N T
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The Importance of Preserving Peptide |ID Ambiguity

The risk of thresholding and simplification of intermediate results

Score 19: AAAAAAASK Protein 9 (20 hits)
Spectrum 1<

Score 18: AAAAAASAK Protein 4824{single hit)

Can result in an unnecessary protein

There are many sources of this risk: deamidation, switched residues,
mutations, tryptic vs. semitryptic context, other modification variants

A particular risk for multi-pass approaches that lock in proteins or spectra

It is not enough just to track all the proteins that share a
single peptide hypothesis.

This Is effectively propagation of uncertainty

g 2007 Applera Corporation and MDS Inc.
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Reproducibility in Protein Identification
Many examples of studies finding poor intersection

Reidegeld et al. Proteomics 2006, 6, 4997-5014.
An example from A
the HUPQO Brain proj. >

Sample treatment
Issues?

| 5 vmas found

B 4 trmeas found

03 tmes fourd

02 simes found
| 1 tmes found |

There are also
iInformatics issues
here.

434

Figure 2. In total 551 non-redundant proteins from the mouse
brains were identified after reprocessing and could be mapped to
differential expression ratios. One protein was found in five in-
dependent analyses, four proteins in four. While 14 proteins were
found in three different analyses and 96 proteins in two, 436
proteins were discovered in one single analysis.
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How Do You Compare Two Protein Lists?
Part of the apparent reproducibility problem??

Data Set 1 - Protein Group #8 plectin 1

First protein (winner) IP1:00398775.3 (isoform 2)

Is this-same protein being detected in both
data sets or are these different?

Data Set 2 - Protein Group #3 plectin 1

First protein (winner) IP1:00186711.3 (isoform 6)
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Preserving Protein Ambiguity is Key for Comparison
‘Competitor’ Proteins

L) e # # i E
File Configure Window Help DratainPilo A - e
%‘Z--. Annlied Bio : ) . D'ro File Configure Window Help
£ .
= Protein ID u;.:-% RE Applied Bio £ ) px\ProteinPilot Dz Re
f 1 3 ratein Specha
g' : Protein ID i
Proteins Detected g_ 3
= y : g g : g g - e e
N |Unused| Total | %Cov | Accessions Froteins Detected
B 5417 = E4.9 | IPEIPIO0SS4685 1 Keratin, typa I oytosked
] Unused| Total % Cov Acceasion Hame
| |9 QEI9] 4GS PP0001SN022. | Mycsing | 16339] ‘Gase| | 6d2| P PI00013806.1 Aipha-actinin -4
8 52'?:: EERE 30.3| IRLIPINO3SBTTSS | plactin 1 i=0fegm 2 2 £1.08 5108 707 | P00 3018 8 Glycataldebyded.phosphate dehydrogenase
g 5240 s240 546 | IPHPIOOONZE65 1 fice |zorfarm s ez s e [r——— VT r—
10] 5225 “epze B5.4 | IPLIPIO0O1 1654 .2 iiin beta-2 chain :| 93| 2843 PLFD0S1E411 4 Harelin B varkan
L4 _
= = 4514 45 639 | IPLPOD0033E5 1 phce EEatorm 1 of Hest shock coanale 71 kDa protein
£
Protein Group 8 :
: Pro roup 3
Proteins in Group
n Unused| Total Accession & Hame Proteins in Group
B 52.12 52,12 | IPLAPIOOISBTTS.S P‘Eﬂh1 isoform 2 M Unused| Total Accessiond Mame Contrib Conf L
72| 1PLIP0 395002 4 3 49,22 | 49.22 | IPLIPIOD18BET11.3 | plectin 1 isoform & 2.00 29| AGTLSITE!
] &2 72| ioriEi0 186 T 3 1246 0,12 4111 | IPIEAPID0215943.9 Splice lsoform 3 of Plectin 1 2100 99| APVFPASELL
P s
Q00 Ba72| IPLIPRDS A | plectin 1 isofeern 3 Q. #9.22 | IPLIPROIRE002 4 | plenctin | isoform 1 200 99| AQAE AQQFT
0.00  B2.72| iPLIPD033ETTA3 | pRectin 1 isofoern 1 9,27 IPLIPRUH200NG4 | plechin T dscform 200 99| DALD GP ARE
000 S22 IAHIPIR03987TE.S | plectin 1 isofoem 10 LOD|  49.21] IPEIRIOO3AET T echin | isoform 11 200 99| DGHNLISLL
0.00|  B2.72| IPLIPI03987FTE | plectin 1 [soform 8 W 4427 IPLIPROIAATIAY | plechn e 10 200 %9 | DLLF 3D MAS
000 B272| IPLIPI0395TIES | piectin 1 isoform 7 #9.27| IPLIPGOIDEIIT.S | phectin T isaiorm & 200 99| DPYTGOQIS
Q.00 49.21| IPLIPOO33ETT6 3 in ) Jsodorm 7 2.00 99| EAFELQQRY
a.@z: JEHEN03a5775. 3 | plectin .l'safi@
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Preserving Protein Ambiguity is Key for Comparison
‘Competitor’ Proteins

Conclude for this example:
We have detected the same molecular species in both samples
We cannot say specifically which of these isoforms it is

This ambiguity should be preserved and reported, not
discarded to ‘'simplify things'.

This is propagation of uncertainty in proteins for comparison
analysis.

This is critical for better comparison across data sets.
This can be especially important for single hit proteins.

12 2007 Applera Carparation and MDS Inc.
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How Much Does This Improve Comparison?
An Assay for Comparison Quality: Deep vs. Shallow Acquisition

Simplistic —— 44% of shallow set
Comparison unmatched
Deep Shallow
8291 proteins 306 proteins
Competitor YR @ ONly 6% of shallow
Comparison set unmatched

ASMS 2007 Poster #ThPP252
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Good Comparison Requires Good Protein Inference

Hybrid LIT

Data from 3 instruments 569
on the same sample 129 160

205 \?5_
UniSBicptotein MmfdréPice, |
| biohistia ©onydkASEon:

MALDI TOF/TOF
1516

Hybrid LIT
306 proteins

MALDI TOF/TOF

TM
Paragon™ Algorithm 891 proteins

Aitonalte R R iR L%
%@W&W%ﬁ%@%ﬁﬁ 8 fold)

ASMS 2007 Poster #ThPP252
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How to Measure the Quality of Protein Inference?

| .~ Same data in
4500 all searches
4000 (B) Same inference algorithm.
3500 1 Shows better peptide ID.

3000 - | P- Rapid

2500 M - Bold Red

7 M - Bold Red
Not Required

2000 4
1500 -

1000 {1 -

Number of Spectra over Peptide Threshold

(A) Same peptide search space.
Shows better inference algorithm

500 o §

l:l L] T T T T 1 T L] | ]
0 200 400 600 800 1000 1200 1400 1600
Protein N

ASMS 2007 Poster #ThPP252
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Measuring Error Rates
Instantaneous vs. Aggregate Error Estimates

60%
Instantaneous
50% -
L
< 40% - What’s the instantaneous error
5 rate around protein #9707 Aggregate
9 30% -
A Almost half the
& 20% 7 proteins are wrong!
Ty
10% -
0% : : . 1 : : ] 1
0 200 400 600 800 00 1200 1400 1600
Protein N
5% aggregate error
rate at ~970 proteins
{right)
(wrong)
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Instantaneous Error Rate g
by Non-Linear Fitting 2
Fitting Plot §

%

o

S

Instantaneous FDR 3

at All Thresholds 5

Submitted for publication.

2000 -
1800 A
1600
1400
1200
1000
800 -
600 -
400 -
200 -

0
60% A

2000 4000 6000 8000

50% -

40% -

— Aggregate FOR

——|nstantaneous FOR
A Critical Values (Aggr.)
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— Aggregate FDR (Fit)

30% A

20% -

10% A

0%

0

2000 4000 6000 8000
Ranked Spectra
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Reporting at Critical Error Rate Values

340 proteins, 0.6% FDR
VS. How do you compare these?

3870 proteins, 1.5% FDR

Number of Proteins Detected at Critical False
Discovery Rates

Hold Critical Value Protein N Cutoff

S O m et h i n g Accepted FDR Instantaneous FDR Aggregate FDR
1.0% 685 851
constant 5.0% | 787 | 5ot
10.0% 834 1072
33.3% 929 1534
50.0% 976 2183

18
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A Tool Providing this Analysis in One Step

19
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Protein Level False Discovery Rate Analysis

Number of Proteins Detected at Critical False
Discovery Rates

[ [1]

Measured False Discovery Rates

¥

— Aggiegate FOR

— Instantaneouns FOR
& Critical values [Aggr.)
m Critical values [Inst.)

¥

B
e
Critical Value Protein N Cutoff E-“’” = A T )
Accepted FOR Instantaneous FOR Aggiegate FOR g s
Lox i e 851 5
503 87 a4 o 2%
10,03 234 wre o
33.35% 529 1534 = /
50.0% aTE ] 9 4
e 4—-4 20 A - .
0 1000 1500
Protein N
Fit for Instantaneous FDR Numeric ROC plot
700 200 -
500 | i 00 - /J_,—//——\
E &
T /
E sk F E 200 4
2 wo] / g
o 300
- -]
ﬁ / = Data E ek
E —Fit
3
o / i
0 - - . T | o Y T
[ 500 W00 500 2000 2500 L 504 W0
Protein N False Positives

4 » ¥\ Protein Level Summary,/ Ditnct Peptide Level Summary /[ Spectral Level Summary / |¢|
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Future Issues

When will data format standards happen?
The chicken and egg problem...
The dream of the ‘living publication’

The solution with funding agencies? - Timelines toward requirement of the
submission of intermediate data and results using standard data formats,
ontologies, and minimal content.

Cooperation where common interests

HUPO-PSI, ABRF-PRG/sPRG/IPRG, CPTAC, ProDaC, HUPO-5PI,
MCP/Paris Guidelines

US, Canadian, European granting agency cooperation?

The vendors perspective: a single standard and fewer community efforts will
be supported or implemented more quickly and better than a multitude of
redundant or nearly redundant efforts.
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