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International Proteogenome Workshop in Kyoto,

May 19, 2018
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International Proteogenome Workshop in Kyoto, May 19, 2018

9:30 Registration open

9:50-10:00 Opening Yasushi Ishihama (Kyoto Univ, Japan)

* Yu-Ju Chen (Academia Sinica, Taiwan)
Current status of Cancer

o ) « Jau-Song Yu (Chang Gung Univ, Taiwan)
Proteogenomics in AO regions:

10:00-12:30 _ o _ « Jun Qin (BPRC, China)
focusing on bioinformatics S _
« Min-Sik Kim (Kyung Hee Univ, Korea)

infrastructure and data analysis _
« Tadashi Kondo (NCC, Japan)

12:30-14:00 Lunch

« Juan Antonio Vizcaino and Andrew Jarnuczak
(EBI): PRIDE
o ) « Henning Hermjakob (EBI, BPRC): Reactome
Current status of bioinformatics for _ )
14:00-16:00 _  Jyoti Choudhary (Institute for Cancer Research,

proteogenomics ) _ )
London): Genomic Determinants of Protein
Abundance Variation in Colorectal Cancer Cells

« Yasushi Ishihama (Kyoto Univ): jPOST

16:00-17:00 Discussion All participants
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Tokyo Cancer

Moonshot Workshop,
June 24, 2019




JPOST re-analysis
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Target-Decoy Approach for estimating FDR(%)

Forward Database Decoy Database

\

Hit
proteins False hit proteins

4

False Discovery Rate = False Positive/(False Positive + True Positive)

20



Target-decoy search strategy for increased
confidence in large-scale protein
identifications by mass spectrometry

Joshua E Elias' & Steven P Gygi'»2

21



Nature 2014, the Human Proteome

17,294 gene products 18,097 gene products 22



Criticized by Community

dx.doi.org/10.1021/pr500572z | J. Proteome Res. 2014, 13, 3854—3855

23



Criticized by Community

dx.doi.org/10.1021/pr500572z | J. Proteome Res. 2014, 13, 3854—3855

24



False hit content is > 30%

True hits

Accumulated false hits

Number of Identified proteins

LC/MS/MS runs



Target-decoy search for all merged data

Juergen Cox (Max Planck)

17,294 genes (84%)

Target-decoy search for all merged data
1% FDR at protein level

11,206 genes (57%) 56



False hit content is > 30%

True hits

11,206 true hits
Accumulated false hits

Number of identified proteins

6,088 false hits
by target decoy search

(a” datasets) Juergen Cox (I\/Iax I;’Ianck)

LC/MS/MS runs

27



Target-Decoy Approach for Ultra-large Datasets

Forward Database Decoy Database

AN, O\

Hit False hit proteins
proteins

/

B <<l
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Multiple search engines with FDR control

PSM at FDR=1% by different search engines
O Hela global proteome dataset (JPST000200)

Target Decoy
72,279 PSM in total 1,739 PSM in total

MaxQuant Comet MaxQuant Comet
(488 PSM) (628 PSM)

, X!Tandem
Mascot v (644 PSM)

29



Universal index for annotated MSMS spectra

How can we merge the results
from different sources?

JPOST score

 based on peak annotation in MSMS

« search engine independent

« MS instrument independent

« search DB independent

e can be used as universal threshold
for peptide identification

30



Relationship between different scores

Dataset:JPST000200(5 files)
Tryptic peptides from Hela cells, by Thermo Q-Exactive with 8h gradient



Optimized jPOST score to rank down the decoy hits

Dataset:JPST000200(5 files)
Tryptic peptides from Hela cells, by Thermo Q-Exactive with 8h gradient

5 5
* | Mascot results | Xl'tandem results _
. s 4 engines merged results
o . Sorted by jPOST score
5 Mascot results sorted 5 | Xltandem results sorted .
15 by jPOST score 15 |by jPOST score 4": Mascot
1 ! 55 | X! tandem
R o0 0 3 -MQ
QD: 0 20000 40000 60000 80000 O 20000 40000 60000 80000 2-2 Comet
™ 4? 42 15 [{POST score
» | MaxQuant result . | Comet results 1
35 35 0'3
2; , i 0 20000 40000 60000 80000
2 | MQ results sorted 5 | Cometlresults sorted
15 by iPOSTscore 15 |-by jPOST score # PSM
1
0.5 0;
0 _ 0
0 20000 40000 60000 80000 50000 40000 60000 80000
# PSM

32



Optimized jPOST score to rank down the decoy hits

Dataset:PXD001792

Phosphopeptides from mouse Hepa cells by Thermo Q-Exactive

Mascot results X!'tandem result

2 ["Mascot results sorte é!ta;ggqq results sorte 4 engines merged results
15 i j score .
) | PYIPOST score . Sorted by jPOST score
0.5 5
s 45 Mascot
X 0 5000 10000 15000 20000 25000 O 5000 10000 15000 20000 25000 g X1 tand
xr . .. X! tandem
Q45 ‘MaxQuant result Comet results 2 MQ
- »* (Comet
3 s JPOST score
’ MQ results sorted Comet results sorted 1
15 | by JPOST scare by jPOST score 0.5
0

0 5000 10000 15000 20000 25000

# PSM

0 5000 10000 15000 20000 25000 O 5000 10000 15000 20000 25000

# PSM
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Re-analysis of large-scale HPP datasets

34



JPOST score-based re-analysis

Original data jPOST-reanalysis
63,127 Hits 111,270 Hits
3129 55,050
59,998
Peptides by
HCD

Peptide #

Forward hits

/

‘ jPOST score
jPOSTscore >22.6 (FDR<1%) 35



HPP datasets reanalyzed by jPOST score

Peptide #

Original result-
unique hits

Original Results
63,127 Hit

3,129
59,998

Overlap between the
original and re-
analyzed results

/ jPOSTscore-unique hits

jPOST score

JPOSTscore
111,270 Hit

55,050

At peptide level
(HCD)

36



Phospho-site localization (V>B&{LTOTAZIR)

IRIRDZREE

& ERAIDIETY—IUCIOTERDIVEEYA M EIESINS
€ FASMS/MSARIMLDIZE . U1 MOFFENLDRERTES

BFOFAEREORIMAGD. FTLWEAL YA MOFHMBITFEOME LN AE

FASMS/MSART ML)

REPGYTPPGAGNQNPPGMpPYPVTGPK, mH+ 3126.5326, m/z 784.8886

File: 20170821_LC_TMTB13_phospho_F01_02.maxg.txt, PeptExpt: 1.6e-04, DeltaMass: -0.983310, Mod: TMTaplex (H-
term); Oxidation (M);Phospho (Y); TMTeplex (K), Scan: 20318, Exp. m/fz: 784.6428157021699, Charge: 4

100%
o REPGYpTPPGAGNQNPPGMYPVTGPK
- b6-98+ y19 (19 fragment ions)

. b7-98+ : :
70% b9-98+ « Manual inspection: Phospho@Y:19
60% PTM score: Phospho@T:6
i
a0 SiDIC* (site-determining ion combination):
- @Y:19, Phospho@T:6 (chimeric)
20% = +§ ?.E, . ‘E{
108 = s 3% & & & F
NEA 1 ||¥ v8 . B5F | |

500 1000 1500 2000 2500 3000

*Nakagami, H. et al. Plant Physiol 153, 1161-1174 (2010).



Phospho-site localization (V>B&{LTOTAZIR)

Taiwan Cancer Moonshot program (Academia Sinica)&DIHE[EFAZT

& FIRIES B TOTA— LT — R FAVRRATY — L O R RO
& U EEHA NOFHETF QM. FRAFEOMET

SAEXADFEMTY —ILICLD
RIESNI ALY A MOLEE

« Manual inspection
« Phoscalc

« SIiDIC

« MD-score

* PhosphoRS

« PTMprophet

SIDICHEHZAD
USEAEYA beRIE 8
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JO5AG ) LFEARIGRAE (7Z)L]—-)LEEERR)

S288C#tk (S. Cerevisiae) UJ7L > AR5
5939 (LT (F /YA 1 12 Mb)

% 7
= A=)
, 7\/ﬁ§§£_5 AER Yeast/K (cidﬁionl,Z)
XHE 34 Yeast A( condition3,4)
¥ 3491iE(E
duiniss BWEDH
< - TPI/BEREET s o
ERE7/EECSI1EHR (ORF) A3 E DB ~/ sample

missenseEB& T —IN—X 1k 5939(S)+3447(K)+3491(A)EC 5] 1R
EREINEZST0BICE>TRE/EESNZERIV/INVE, RTFF, TR

s Up /down
Sample  EEALVEM  EEATFEM TR (EH) ﬁﬁ%{"” K2 vs K1
A2 vs Al
Yeast-K1 559 781 762 3602 69/135
Yeast-K2 469 631 617 3377
Yeast-A3 557 771 753 3558 1085
Yeast-A4 513 697 682 3331



207A% ) LEIRIGAS (Yeast, S. Cervisiae)

Yeast7OFAY Al
SoOTREZNZZIIVI-
Glucose IIEFEEKROEFENIN
Glucose ’ HXT 214

71—V FEEZIRRE

VS
B IEEIARR

Green proteins
were specifically
up-regulated

in glycolysis
Pathway

Pink proteins

were identified
via the mutant
Ethanol

Database
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Integrative analysis of genetic
variants and PTM sites

Methods, Tools and Current Perspectives in Proteogenomics, MCP 2017,16(6):959-981
by Kelly V. Ruggles, Karsten Krug, Xiaojing Wang, Karl R. Clauser, Jing Wang, Samuel H. Payne, David, Bing Zhan, D. R. Mani



Another example: Proteogenomics with DBKERO

Sample

A549 (lung cancer)

Fractionation

Sp human +
Isoform

PeakList 1 FDR 1% at PSM level
using jPostScore

PeakList 2
s I

Peaklist n Extract no hit spectrum

Normal human peptides

79752 peptides
9508 proteins

Protein Extraction Digestion

LC/MS/MS Database Search

Variant Database

PeakList 1’

PeakList 2’

Search

PeakList n’

Cancer specific peptides

250 variant peptides From gene variant
20 variant peptides are not found in information of A549
neXtProt Peptide uniqueness checker (DBKERO)

e.g.) ASVETVDPASLWEY
http://kero.hgc.jp/




The Sushi Proteomics without Genome DB




The Sushi Proteomics without Genome DB




The Sushi Proteomics without Genome DB




JPOST customizable database ‘Slice’

47



The jPOST Environment

The jJPOST environment: an integrated proteomics data repository and database
Moriya et al., Nucleic Acids Res, 2019 Jan 8;47(D1):D1218-D1224

JPOSTrepo jPOSTdb




T —IDRDAHRF (slicing)

o AURAD—TEEINFAZT—FZLLIT A—FHE
HICT—3ZYIRD LA EE

49



TF—HADEDIAH# RS (slicing)

« WUIAENF=T—2EIFD) AN,
Y H L(Slice)

— &R, £=FTEEB

BT —AtybIFvoE AN,
“Add to Slice” RF&F91) v 9B ET,

Slicex7 oY (25 1E

[

ut I\n 0)»%»-@@% Lf:1§“ 50
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BMr7aball, T—EZR—XOTATHAT /) I VAN G EED TS

e )

Reference B2l (UniProt) & I3 E 74 2EH A D
RT7FROBHEET —EZ X=X ETOAEL



ChIP-Atlas sE#E

jPOST TliL Slice (F—xty bFIL—7) BTCEEEN T H1-DDEHE
Iy —IILEIRHBE L THB Y, BERESGOH 7% /X008 (EBzF) VY
A RHEBAWTY—LL X2 ChIP-Atlas TZ VY wF X B AZITO I &
HiA]BE

-

CNFEFTIREL T
KEGG, GOD#B(Z
ChIP-Atlas?»%E0




ChIP-Atlas E#E

ZEHEGEFY X b

ChIP-Atlas %1

TENELFORBEHEL COWBAEGEERF L EDY X b
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1. STRING databaseh n & >
NOBERMEERT — 2 285

ﬂ https://string-db.org/

e bR F—CERERE Y REEND

2. ATRETR /X X DIRFR — i~ =

JRRrAORR (77775 DR INGERB Ry N T — 5 % T
B

W@
=) @00

3.EEB LI/ RICT—RAET Yy E Y
L. BB ERELTE
1, (Up/Down) L TW3 /XX DI
H




T — X FFEE & DEEE : UniProt

Cross-references between UniProt and jPOST

55




Fv hbad—nFEt &gt

~HUPO Proteomics Standard Initiative (PS]) % & U 7-1Z%#{t ~

BHEARE or EERRLIE, S (BEHROFHLD) V7 I—-T427

« Universal Spectrum Identifier (USI)
e TARTDARY FILIZID 25T B 7-0DEE
 mzspec:<collection>:<msRun>:<indexType>:<indexNumber>

 ProteomeXchange guideline
« BEMT—XOEY KW
« T—ADTAEVR
« EbTFT—ZDEYFEL

« PROteomics eXpression Interface (PROXI)
s Z7ATH—LYRY MIETT —X 2T 57 DAPHLER

« Spectral Library format
« Spectral Libraryz &89 27007 7 AL 7+ —< v FDEE
« Spectral LibraryZ&ixd 270D X X T —XIEBDRETFE
c ART—R%ETLRTBHIHDOHEBEDRE



*Fal—>arvniFeigit

~Journal of Proteome Data and Methods (JPDM) &lJ¥i~

Instructions to Authors

Guide to Reviewers

Ethics Policies

YAk
https://www.jhupo.org/jpdm/

FAQ

License to Publish form

¥ims X5 L (ScholarOne) .
https://mc.manuscriptcentral.com/jpdm .

BERF1 XV FDOE(F

7 7Y A MEE
Bias X7 LIS

JST J-stage v X T LD HIREFE


https://www.jhupo.org/jpdm/
https://mc.manuscriptcentral.com/jpdm

*Fal—>a3rvniFEeigit

~Journal of Proteome Data and Methods (JPDM) &~

Editorial Board members

Juan Antonio Vizcaino | EMBL-EBI, UK PRIDE Archive™ leader
Eric Deutsch Institute for Systems Biology, USA PeptideAtlas/PASSEL*
leader

Nuno Bandeira UCSD, USA MassIVE* leader

Yunping Zhu Beijing Proteomics Center, China iProX* leader

Brendan MaclLean U. Washington, USA Panorama Public* leader

Henning Hermjacob EBI/Beijing Proteomics Center PRIDE* and iProX* adviser

Jau-Song Yu Chang Gung U., Taiwan President of TPS

Je-Yoel Cho Seoul Nat. U., Korea President of KHUPO

Chung Ching Ming Nat. U. Singapore President of AOHUPO

Yu-Ju Chen Academia Sinica, Taiwan HUPO council

Lukas Kall Royal Institute of Technology, Percolator developer
Sweden
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A57 —5EEhihih

jPOSTrepol 2B EFIN T\ DA T—4

= Experimental presets

XmIZ74I)L

Sample Fractionation Enzyme/Mod. MS mode

Title: (No profile) Title: Title:

Hela-S3 ATPome_trypsin QE_SILAC K8R10
Species: Enzyme: Instrument:

Homo sapiens (Human) Trypsin/P Q Exactive
Tissue: Fixed modification: Instrument mode:

Hela-S3 cell Carbamidomethyl (C) DDA-high res.
Cell type: Variable modification: Purpose:

cervical epitheloid carcinoma Biotin:Thermo-88310 (K), Oxidation Relative quantification
Disease: (M) Quantification platform:

cervix carcinoma Taxonomy: Precursor ion stable isotope labeling
Mote: Homo sapiens (Human) Plex:

Note: 2

TRTASHORBEERSL (JPDM)

[ |
XmIZ7AIL SN A2 T—2HH

AT—5

Sample

Species
Sample Type
Cell line
Organ
Disease class

Fractionation

9606 penfide fractionation
peptide fractions
peptide replicates

Human
Cell Line
Hela-S3

C16403
CLO_0003696

BRASELEICKD

1. 4oL
2. BT )L 0E
3. T—AR—RE®TE

FofAHmE

D
Note Enrichment of kinases in Helz

Enzyme_Mod

Fixed Modification

4. EEMRAEEHE

Variable Modification
Variable Modification
Variable Modification
Variable Modification
Enzyme

Taxonomy

MS instrument
Instrument Mode
Purpose

Plex number

Quantification Platform
Quantification Method

Carbamidomethyl ((UNIMOD_4
Oxidation (M) UNIMOD_35
Biotin:Thermo-8831 UNIMOD_1031
Label:13C(6)15N(4) UNIMOD_267
Label:13C(6)15N(2) UNIMOD_259
Trypsin/P MS:1001313

Homo sapiens 9606

MS_Mode

Q Exactive  MS:1001911

DDA-high res JPO_005

Relative quan JPO_011

Precursor ion JPO_014

SILAC quantit MS:1001835
2

Chemical derivative
Artefact

Chemical derivative
Isotopic label
Isotopic label

AAXZO

Enrichment of ATP binding proteins

1
1
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