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fLZls o T WTeDE stz Zhh, 7uv=z s OGRS
O CHEIL e o7, [HFEH 2V _R7Eice v LT, &
WO Db EL K, FUE v A7HiILe y PLTWHD
BRI 72 5 DIE R L. [{l— D~ 7 5 N EFI% “G
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Brl i3, BRLITo X 5 By Tits

(1) ko~ (2) BEA-<7 b LOHIE~> (3)
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BTk, T 1R ORI OH RS AERL, 3-
KO R A 1 EFOMET 5 2 LTk » TEARS A
WiET 5 (Fig 1(@). HESIMEOYS, RFCT 2 /@&
1T ORET A LI L > T7 3 7 BEFIZRET S
FHEL, denovo v — 7 v v 7 (de novo sequencing)
HEEEN D, Fig lb) w3 X o, [7 3 781
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Fig.1 Reading a sequence; Sanger method for nucleic acids and
de novo sequencing method for peptides

A simple diagram of the Sanger method. Nucleic acid
molecules are separated in the gel, and their 3'-terminals
are identified to “read” the whole nucleic acid sequence.
A simple diagram of the de novo sequencing method
represented on a model mass peaks. The arrow lengths
correspond to the m/z values of partial sequences of
the amino acid sequence “PEPTIDE.” Each mass peak
interval corresponds to the mass of the amino acid at the
terminus (in this figure, the C-terminal) of each peptide.
Examination of all peak intervals to find which interval
is most probable to correspond to the mass of an amino
acid.

HOBRICHYETL0T, ThuxREL T ZETT
J BBECANDMEE T 5. ShboFEdte, N Eer 8
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DR L FBAINOFLED LT oREI D) 2 ET, &
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IETE\, F77F itk o TA F LRI RIS
7o, BRCMETELIZEDREDA F VR, FrEox7
FREOWTIHIES W &L HVEL. DD,
MEECORIOES ] DeETHEIRhTY—27 M35
N5, LS RIENTL.
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BAOAREMEILE.

B2, denovo v — 27 vy 2B TT S B
WET 5 TFHETIRRL, #0 [HE| #RETHHETH
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P2 BEE T 2551 b RO E L 25, Z 086
WX EEHEEE  (dynamic programming)® A\ H LB O
ENS. L HWVH s BLASTY o8 d, * F#:t
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WE DT 2 2 BoR () HhOlT 0T fnuhe
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2. XTFVNIBEBOL2 VR I7BZEETNTHD I LD

%

Rl 122\ Tik, mfz DEN B IRE RS HTET O 5
FREELLT Lav7ews, FEWICHE LR o< 7 Fik
EREELTED, ThALORFNGTEH L. flziE (=
TF R TR  B—7 3V BEREOHITH B DY)
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Fig. 2 Simple diagrams of Peptide Mass Fingerprinting (PMF)
and Peptide Fragmentation Fingerprinting (PFF)

(a) PMF: Simple diagrams of mass peaks and protein
sequences. The black bar represents a protein sequence,
and the thick colored bars represent peptide sequences
within the protein. Each mass peak corresponds to a
peptide in a protein sequence stored in the database; in
this figure, the peak in the colored circle corresponds
to a peptide of the same color. Through the search, one
protein that contains all peptides corresponding to the
measured m/z values from MS spectra is assigned.

(b) PFF: Simple diagrams of mass peaks and peptide se-
quences. The dashed line represents a trypsin-digested
peptide sequence. Peptide sequences corresponding
to a MS peak (precursor ion) are extracted from the
database, and MS/MS peaks (product ions) derived from
that precursor ion are obtained. The b/y-ions are then
estimated, and their corresponding peptide fragments
are searched. In this figure, a MS/MS peak and its cor-
responding peptide fragment are marked with the same
color. Two peptides that contain these peptide fragments
are selected.
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#1%0.03638 Da L2 7e\ Ay, & OZEIMUEBA (Fo ik
1F v b7y 7R BESHET TREIIT 2 05 i
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&
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el
cIhEH MY T THALL TAERT H T F NIk
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c DY LRI T F F132339,925 (£ fE D

42.6%)

R~ 7 5 F DA + LS TRIE S B4,
Z % proteotypic peptide & FETY, DT F NIEEFTX
VR EERRFIET H T ENARRICIL D, DT — X DUR
FTEEBD, bR VRIZENS MY TV LTERT S
NTFED S BRY6E, BVBIIFRERN TR, b
proteotypic TIEH H B\~ LiTins.

> CTPMF Tix, MIES NI TFF FDOMS v— 27 2
b, THEEEDHHETDTFFEIV AT » 7 Fhb
B, R LA OR b2 v RV BETIK~ vy ¥V 7L,
[~y 7ENBXTFERIRS L] 2V N7 HE [Rb
MEE ] EHEET 5. Tok, TRLL ] LS HE
ik, T2 v Ry BOH RN—=RPgbE] L) HHE L
[y 7EN_TF VO (HEEE—70bEMT 2
T F NEHEE (assign) TE7EIED) kb Zv] v
SHEHED, WHMHCLNS.

WK D, T OFERRAGWHEhC @Y ciou. 3
BT blE, MARTF FREH D2 v 2]
DHHEK LR B - 18, Ehdskie o » e
TERCLDLTHSD. Dlkd, BRI HEEWRE
HOHELOORETH] TERMEE LS ELTWASAR
3, PMFIZFELE L TARD TH 5. 2 RILERGKE) 72
ETHRBERT oL BT, FAEDREERSIICE
BHBEE, TOFETKRKSRIEL DS,

2-3 MSMS E—7 &F|HT 2

RBEWRBOBE I, MSMS A7 b (Fuaxz
kA % v, production) LFIHT 5. Z OFEILPMF i
%} FE L C Peptide Fragment (Fragmentation) Fingerprinting
(PFF), % 721X MSMS 1 #+ v %+ — 5 (MS/MS ion
search) LIWEIEN 5D\, TOFTHHEMALT S L, [FL
N—H—A X VT TR, ToTaxr b 1F v Hn

5], [=TFFRFTRL, FOHG2FFF (FFF
Wrhi, peptide fragment) & O—FH b H5 | Z itk »C, [—
HFbobbbLWARTF FEIIAEHET EvwdsZ bicis
(Fig. 2(b)).

PFF TIR#IC TN 5Dk, PMF OB& LR, [7 v
N—=F—=AF VL HEUDLMS ¥— 21O\ T, £DE—
7 HIECHEEDOS LT F F (OFER) “HEET 5]
TLEThH FEUBzslnit, [F0XS5khe—2 %
LT BN 7 5 FaPikd 5| fFFEICEML,
SHEBAERIC T (BLAST O FHRITHc 35 < L &
FER) TRAD | AT 5.

Rz [FuaZd 72 v A4 FvBAETSHEMSMS ©—7 | %
FETH Fvh—H—A 4+ 1 CIDEDOFHEILL - T
BHZIL, 7w &7 b A F v ETTW5D, CID DE&ET
TIEBAZLE [T EOR7F Fie2X 141 TLEL T
W, SO, [FTuR s ar ekttt s 27T Nl
Rl TD [Fvh—y—A v igkhind b<75 1)
D EBLLIL—HDORME G 7T F N ] 1Zlgo T
H. IhbOTFuR s b4 vD5L, PABINSTF NG
GOMETHEL, INKEEZELHD <7 F V] 8144 v
b L7z D23 b-ion, [CRIMixELEH~7F V] A F
VAL L#zd O P y-ion THH, ZhBEERH~<TF KO N-
Kol % 72vx C- Ryl iz T (align LC) FEI LT
Wb DEKVIADL (FaXx 2 b A F vkt b7
FFERENC b &<, ZOMENMER O EILER
<7 R RIEEIC S BT T B ATHEVE N B % 25, RERIC IR K
SN T F FORME—KT B L5 MEER L -
TSR EI N TN S), I BEEOMERS R, B
BOMERIC X AEPHTERAE L ENMEL B, “HFEHE
77 L LT tolerance #4{E7 5.

ZOBEE, denovo v— 7 vV IERRGDHI L
MTERCT AV » Mo, HARED S—L T35, §ik
DX 51 miz PMER KT B DO~ 7 F NIl EEAT
T 5. L L OaaisI+ T b BR miz »—%7 %
ATEEMEIINE K Te B, Rt TAlRETSIR D B DBy~ 7
N &%) (align) L CHE®AEENRTNL LT, BROH]
REMEAIEFICELS M2 DT 5, Hic [BEX 1#E#E
DT F VR (D44 v) DEIhHEE, £0
oW TUEFEENC de novo v — 7 = v v v 7 L [A&
DBAERIT> T B Eiclsh. HL, Zo@EETy v
H—HF— 1 IV OHIETHRTF FOLT LK D AD
B EMRIEE BT Tldin,

[7 3 VB 1T 22T LA B ESI AT (identify)
5 (=5 % F5ts) ldenovo v — 27 = v v v FikLES T,
COVEETHREIC s oD [HRE LT — & <— 2D
T, b REEAECEIIAE D 4TS (assign) ] Z &
Thsb. TOEBIAEMT ES LD L LTHRbAT



W%, Bl 20X Swiss-Prot 1% (BLTEIXEEA Y1 1% Ensembl
T=AR=RARENDLT I BRSBTS 05 B
TeRERRED B o C, EERRICHEE S e T 3 TRIECS LS R
DOLEREET A LicinsTnh, Dk, PFFREDHD
DRE LT 3 7 RIS EHT o0 A (SPIN)
2 BAE b 3% T\ % (httpsy//www.ebi.ac.uk/swissprot/
Submissions/spin/) 7%, T Z TOTF —2HKFit [ N~ v
% (Edman degradation), & L <i\¥HEZE A7 b V& FAE
ECHNT LT (denovo v — 27 vy ZEREGE) &
Fl KRESh TR, BRET v v vziliolchaciy,
PRIDE” (EBI 2\E# 4% 7 a5 4 —2a« LA b ) —)
B X EWHEEIN TV 5.

Isk—ac (227 | GhRgEOw v v 7 1Sl
ol E ¥, e Ch D 2 ENFEM I s O Tk
7\, = 2Tl 2 IEBLASTIC X A BRfEFICI, 2 2 7 (bit
score) 7217 TC7s <, FEEOEHEM: AR 725 D E-value,
Bt TEM CldinwiFn, “fFie @R WL A

a7 HHLTLE S PHEARTIIEME bFRIhTWh5b.

O D ditiE, GenBank I BB X hic B EE LB
(&, TREFR L7 3 7 BES) OBmNAETHES
n, INHEIEL LRI % DICBfE5 16 (extreme value
distribution: Karlin-Altschul #it ) »"EEIh T, +D%
MRCESWIGHEIMTbh T 5. BRESFTOBHET v
v OBE, TREFIOBLIM: | ZRHid 2 0 m Cikie <, [
BARZ b ADDT 3 REFIEE D BT D & XCEHE
T B AAEME | ZRHII T % 570 Tl AU b iy, 2o
IO Ehr ERMEL R T isw. 65T, BT v oV
NR$ “Expect (¥ 721k E-value)” Off1%, BLAST & 4
B DFEE TO E-value Tidie\s (HL, FERICFIH T
EHIOSIILRIEEIRT5).

3 B2 THIR—ZABRRTEINIETFRDBN
A4

i PFF 7 — 2 R — 2 @HR CPRE T E o0k, <
FCH (2 AS7BERINEYM L CAERLE) X7FFO
BFITH 5. Bhick_izX o1, e ho (FY Fo iy
b)) =75 FDf 6 ENIFRTILR L, Bz v s
BHIZHEEL TS, {to T, 7 F NuE ) YT
TlE, 2 v N7 BERHEE LT 2 &1L /s B 7\ (proteotypic
peptide 2MEE T E e H1Y, TR TIRENTHS).

WHoT, IbbWEREDEVTF FDOE D YT
(assignment) DK D EERE L[ 2 v 2% 7 B OHEE (inference) |
THbH. AT OBEBIXEMT, EShicx7F
F& “L0%L7 GATWAER VY AZENERIINS, —D
DARTF N ERIFST B2V RIENLTRESNEE, £
DRTFFO EEAT LT D XS AT AL
h. ERBRBTIVONEL,MS A2 b (F v —H—
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COBBARRET B IOK, fEROGIEM A R
lid %y —1 LERI N T 5. 2 1E Seattle Proteome
Center 2Nt Afi L C \» % Trans-Proteomic Pipeline (TPP)
Fu S a e 24— b0, ZORBECHILT A TD
O ProteinProphet'” &\~5 70 75 ahih s, L, 7
DR AT VIS EDR Y R BERHEEI NI E WD
7=z kR, WifHERKIE EM7ArT) XA) B
W, 2 VR 7 EOMENE L WHEREHEZE L T 5.
2RI ENRTF NIl E SR TV AFER, =—
F=DEL T o EIFAPE LD 2 &b b, £
s, TR AR DR &, & v % 7 B ORIERERIZEH 5
EWO G Al [R—o v 72 EBEEEL, 0
LTOFRERICONTHREL Y O v THRETS L, FEIR
LAVRIBINEDLLIEDNDDH] LWOIHEETHS.
S, BREARZ PAOWEDEELRD AR b
INGERC—E BT TR, WS 2 ENRRNTH 5.
A7 b A DFERME AL LTzt die, 85 RIERITC
DE— 7RO ZR, A7 b LO—¥S N — 2 L%
Iha, EnWHlTTehbn b ZORE, HFLw
TUh—Hh—AF VD=7 BN, Fl2E ukt
LCRTF NARE D ¥ TOHRIET S §5FTERT
FEBROCIE>TE v R I2BELNHEEIN TR,
RIC_TFRFAE_RTFEBTHDOL Y R7EYH, X
DEWH R—=KRTHEARET, o7 F N CaAmkL
RO H D 2 v N7 BEX S HFHETHOTHIUE, £
Ry BOWESRE (2] 06 [X Y] @b 5.
MSMS ©—7 (Fuxr7 r44v) OBL&ETL, HEE
D ENEZ D1ES. HlzE Fig. 3() OFITlx, <75 K
3ELA4DEDYBTIMELTHY, Bokieodiz7 v
H—HF—A4F Vv DMSMS ¥ — 27 ZfiRB L, <7FFF1
L2MERIE > TWn D, LA LRTF R 1DIES D, (F
X7 b AFVIRIEDSNTEID B THNT) T F Vi k-
X BN N=RNE e, X7F NI EAEh, 20
R, RU LA A=K () & v 278 B2
AEITw5, L L Fig 3(b) i27R3 % [ Tk MS/MS
=7 N1, ThETFR2CEY M TH L
MNTEIIed, XTF R 2D RN LHhELleh, =
DTV —F—AFVvDDE DB THERIEDIINTF N 21T
Ieote, RIFP2NZ VY RIZPBACETN TN,
HEINDZVA2ELACEb>TLE > T3,
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Fig. 3 An additional MS/MS peak may change the protein
inference result

(a) The diagram is shown in the same manner as Fig. 2.
As shown in Fig. 2, appropriate trypsin-digested peptides
are extracted by the precursor ion information, and pep-
tide 1, of which longer region is covered by the fragment
peptide, is presumed by the product ion information. For
peptides 3 and 4, which were identified by other product
ions, a protein is inferred; in this figure, protein B is
inferred because it is more covered by peptides 1 and 3
than protein A is covered by peptides 3 and 4.

(b) In case that an additional peak (red) is observed in a
MS/MS peak list and a corresponding fragment peptide is
identified: in this figure, the identified peptide has been
changed to peptide 2; as a result, protein A, which is
covered by peptides 2, 3, and 4 is changed to be inferred
as protein A instead of protein B, which was covered only
with by peptide 3.

(EESHC X 52 v 7 BORE &, FEBCE—%F
bodkbbLWRTF NOED BT (assign) THYH,
CFDFRERNLHEE (nfer) Licx v A2 EHxH LT
Bl EWS I ERBHLTWIFIE, KEROLTIHE D
IhsZ LIt s,

4 #E1 PTMAIEELRBRVWERETET, I8ET D&
EEABSNEN

2R I7EORIEZFICHL L TWbD0 PTM TH
%, BCk T &L die, T—&2 =2y —F T3k
_TF RO mz b, T— 2 X—ABFND m/z % LT
5. ftoT [PTM OB L —BEESFIL, 575
N7 BESNETERME L, #ob PTM 08 % &

EFT 5] X557l E3AREET, b [PTM & #Et
WCARIC] T CORLTIHERE L AFE i T X 72\,

PTM 2vm/fz \o5- 2 DEEITIEFIC K E . Bl 17
CVRHEOE T4V MYy 7 HEIL57.02146 Da TH 5
2N,V vt X 5 EE ORI 79.99633 Da TH - T,
ZYV v IhbREW {EoT, PIMOSHBLRTF N
FET 2581, PIM ZFBICAN D 2 &k T — & < —
AMRFRIT & > TAHETH 5.

L CADZHNITIEK E FET 5. Fhut TAas
P85 (combinatorial explosion) ] T& 5.

F— 2 R—2AKHFK T PTM M3 5 )ik, Bk,
IR VX variable modification 5 L 2275\, & D i Ek
B, T4 U 2 a[8EM: D & % 42T D PTM DA Ado % (4
V) fERL, Y THRS] LW TETH 5.

iz, UFDX57k<x75 8 (73 7 BES) Bbot
ET5

PEPTIDESTYLE (7 $ /g 1 CFina D)

ZDOXRTF R VLD OB E 5 D ERGET
B, [V VLD E U775 N Dmfz Rl E L,
TNAEERE & el b, ) VB ENE L B0
S, T,YD3SHEDT 3 /BB THHID, WET v Vi,
[Chbo7 3 V) vBLIhicSED 7 3 7 BERLS )
(LI, M7 V] LT 5) 22V Py it
3 (B, 2D mz ZETET HE0E0, R ECC
T 3 BESIAEZESH L THIAT5).

[y vigfbsnieS) [y vk itz T) [V v b X
nteYl &, fiernFEn Is) It Tyl &/hXETHRT
EFTBHE, 2 ) ARRHTICEY HE R B REE~< 75 1 (IE
ik, Imfz R5THE T 2RED<75F]) 1k, UFD15

H<hs :
PEPtIDESTYLE PEPTIDESTYLE PEPTIDEStYLE
PEPTIDESTYLE PEPtIDESTYLE PEPtIDEStYLE
PEPtIDESTYLE PEPTIDEstYLE  PEPTIDESTYyLE
PEPTIDEStyLE = PEPtIDEstYLE PEPtIDESTyLE
PEPtIDEStyLE PEPTIDEstyLE  PEPtIDEstyLE

TDORTF FEFIE AR TI6HOBEITONT, 4
T [RUEE~ v FTHESD] Y THREFTAC
LIt b, Fffe, PTIMALE b0 H 5 7 3 /B
DT F Nhizn lH 5 e b1E, BT sgEsokx
AR

Z X Bl B, [variable modification % I\~ 5 &, n {#
D PTM ® ez 2 5o LB DEFIA, »# & Y - CHEF2"
BT % | 2 BT 5. T2 hbolYIE, Tt~
1 DODEFNE 5 Te b DEIHHNCET LIcb DTH % DT,
I UTwE. FLT, [F—2—2DRFIKAHEL 5
5o, XU INNEH, T —2_—2hicgEhs]
BH1%, i E-value ICi 2% 5. 2 5 (BEEMET T 5)



ATREME AR,

wiz, WG Tl EED T —x & LT, 0 UniProt
201420t ks FuFt—n s F=2EH, (237
B ) 7oyl T bR 75 P L EO I ETE
+%, S, T, YO (=9 vBALTTREMAL) | 28z 5.
WA Fig 4 ord. Bt (175 FhicfFEET 5 S
FAET XY OB, #y (=75 F (F—x2~—
ARFN DR T F N ERBERTF ) O] THsH (2D
75 7 DR T — # % Supplementary (Table S1(a)) & L CTf}
F). TORENRT LI, 1T F FRCEET 5 Y
VIBALTTREIALIE LD & L L %K, FoEHE (Fo
L 577 FORK) 11208023 . V v EALATHERBALIL,
KNTOEEE 2O L0, 10EEZH2 T, JE
WD R IR HIRIE S0 E TOMmT A, U v LA BES
NOEII S T F FOEE, 1075 Nz 47
NHDOS FLETELRIYNDFEL TS, ZIhbAE
BT AEE~TF N (=8NS nt, BT 5LENID S
HEOH) 1221, BB 140 kT, B oD %KM
PICEE (BEh 28752 LARARETH A, 20X
57 [GHEOBOBEFBEIEM] 1k, —DoD_7F Fhic%
BOBESADNGFAEL T AHEEET A, Znd [
HhEEHR] ThHD.

i 11 ~7F P 13 L Lol gE#AL (=S
FRET ERRY) PEETLIHEREZE LR L)
EL, [127F FhoBMiifccs 12 HUT] TH5 L5
BRI FFOLTEHEOR TR 2L LT, ThTLH
1% 3,371 77 #1725 (Supplementary (Table S1(b)) 2 #).
BRIk Nt o, TDF—x+1 v Moz v o3 7GRS

# trypsin-digested peptide
250,000

200,000
150,000
100,000

50,000
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#S,T,Yin a peptide

Fig. 4 Distribution of the number of possible phosphorylation
sites (S or T or Y) in trypsin-digested peptides derived
from human proteins stored in UniProt 2014_2, and the
peptide number

X axis: The number of possible phosphorylation sites (S
or T or Y) in a peptide

Y axis: The number of corresponding trypsin-digested
peptides derived from human protein stored in UniProt
2014 2
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388,665 T, ZZMhbBERTEHNY I viHb<TF
F13.798,545 1 TH 5. {1 - T variable modification 12 X -
TR EYHIAERIN LR~ TF VOB (2D mfz
ARG 286 08) 1%, JTtr b Y T vikic X - T
EREN T W7 N0 40 517 5.

T BIEENLELN, b ) 7o v BNEIWRERA W A 1T
BIRWEER, A7) =D 3G HOREHINSE 5.
YIEnignwZ IRl o TTF NREL kb, 1
N F PR E i H PTM AIEEEAL | o383 % h»
LbTH5.

DExZEbLdsn L,
1L PTMix [H Y | o&pTimvE&, PTM 2AMEM T X /s

WOHRELT, TORTF FAKSFEETE R,

Chic® LTk, PTM (7L | O&ETHREA TV
Boni [PTM7e L] ORFF Fa&irx v 7 B [k
Bofg LT, FALIKHLTOLPTM [(Hh] @
B#E %475 (“multi-path search” ), &\ o fxt K23
2bND, PTIMMWAEL AL Thisnw_7 5 RONFEEL T
WA ABREEIL S DT, T OBR TRERIMIC Z h s 3iE
RO EMThNTWBEZELDHD.

FROMEE LT,

2. PTM wJHESBAiNE 3 & 5 L, BB v o v i MRTT

ELEORD WA BHER kT

Thi LT, Moo 75 Feie, JE%IC %
O PTM 2NEAE L T B A BRI IR | & 5 — i 7
2D, PIM offH % 1 FE (5 2 ) BE
CHl 2 THREYETTAH. 3227 1) —<—¥ (missed
cleavage number) &% 1 (AIHE7/RHI1E0) ICHHET 5.
Fic 179 FHOPTM fJfgifihic ] o % < Ish
Fih, FEFHICRGCEHERR 25 2 b cind. B
ZAER D [47 T v v AL Al fEERAL & & Ts X 7 5
N 2A1IEEFN TN 5120 T, o7+ Fic—Y)
PTM Mg oic & LTh, BETTXE560HL 798,545,
DFE D0 T 140 SR L, AR - SRR
1fEfs Ll B35, EBwix, ok 5 Rmyhcstd
DR T F ALY Lo bR b0, Bk 4 €
VRRBTT 075 anBERT 5155,

REBaC, BERRFHA KR 22 5 2 L1370 T,
BeSRIRFE BRI L e B ¢, —HE T LTPTM ©
SAERTEF L, TR LIS DRIR DN TES S,

PTM EH D72 b1 < DT RN LI N TN B0 Y,
KEFDT7 2 7 BEINCHK T HHEED & L Tk, variable
modification % AWTCT Bl D X S et ind %, W5 D
DERDOHIETHA 5.

5 BEE2 43Iy ABINTIIHERNMEFETERL?

E-value D5 fEMEME R4 5 D, i T ~7- PTM
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DEEHOBECRE g\, 4 3 v 7 ABHFTEAETHRLC C
ENRET S BBV VAR T Evalue i, ¥v—71
7 < 7 BRELH 1 A %D 1r % (assign) & &L
THHEENS. L L7 a7+ — o clxliEiE, Se
X o THETMELUED 2 v R 7 Ba #5720, %
BEHE (multiple testing) %17 5 MERDH 5.
B TR R s o 7 201k, BFD2oT
H5
b5t (false positive) 1o = 5 — F 721358 1 fdid, -
T B L &R TW 5% R
. th4F&r: (false negative) :p = T — % 71350 2 fliafEak, i1 -
T “RIEM” LLTBETORTLE S, ik “IEW
ks ] SO BEEL B D (—EE EOFRE I
Ty =z ) v OEOFERD—> ] & LTHIFRA» 5 %)
25, Zhuk B LB ohRBEEOME] o LT, HiR
e RS,
b PRSFRYT (FB\) & &1 % Bonferroni #i5E % 17

up
$ul

5 &, FEROBM « "M &Rk 2 IUETH 58 BKEZ,

BEomEIE (2o, RERT €—7 0F) THl-
THET20NENRH D, ZOFR, BREKENEL L (D
L) Y FEC, FREHEINDERN 8- T
L% 5. ZoOFEE Ipvalue (%721 E-value) ZH\C
familywise error rate % #Ei 3 25 TH H 05, —fiC [
Ptk (false positive) #{# 5 LI X » THBEM: (false
negative) 23§z, AEEME A S T X o THEBMEL
Wz %] L5t H 5. Bonferroni &L, a5 —
BRI S Lictdic, pry—, Wb TEMaoic®
HEInE O Y 2@E3)) r—AxEms e
TLEH->TWA] ZEITie5.

TITHWBRD LSl oleDh, [HBEERTIT—
EREOBEMINEGE TN D Z ENRIBTHD] L5 H
% 1233\ C, False Discovery Rate (FDR) %#H L, =
DIEZHES 5 2 & THREZRD D, LWSTIRTHS.
FDR 1% (BBt (positive 72) FH DA OB D K |,
Al

FDR=(false positive assignment)/(all positive assignment)
TFEIN 5D, E-value 2MH %2 DRIERERICOWTHE I R,
[FofExAnT, z0 (fHx D) ERICEEE?D D H
ES R L, BEMEME & FIE S ok R 2R <
TedICHVH B DR LT, FDRE ol Rethko
i, %< VD BEENAE TR TS0 ZREAD S
1D DIRIETH 5. - Tl 2 O FF5tk O R 2 Y Bk
COAVWBZ EnTE v, LA [FEROM%
a7 — (G THAH] ZEEESL, FRIETDa
T —%HRT ARV =T — (BN AR
LI DIREETH %.

O FHL, 1995 F i~ 7 F A4 K F D Benjamini &

Hochberg I & » THFEIX N Y, Fo# 2002 4£H T TIg,
<4 7 a7 VA OWPIEENFOLIIT T > TBHANED Btz
(B2 1L, et o R 535 @, adjusted p-value BAF
g-value BA¥ 7 &L, 47 uT7 v A OWEEC L > TE
PhTn5).

HESH M\ e 7 a5+ 3 7 242 T FDR 2AFIH &
N5 L5t > Dl 2005 FEEH T, target-decoy search &
5T, Z @ Benjamini-Hochberg 238 A & iz 1,
B, target search (33H DT — & N — A X+ LR
EWRL, target BLAIMET O 7 — &% ~— AFS & ERT 5.
FDR, BiH [FEXhicsz v 7 GRS ho (-
TRE S NIRER] (DIE) HEHET Loy, B
TRESINICRER] (BN OFEE M2 BENH %D,
Thrh [EnNBEGEY] b ENTERVIL D
DRJEIE L T 5T, fo TIDE F TIHFREIEAR
WETHDH £ TET, (WO ARERTHS| LW
STEA X577, A [AKROBESIT — 2 X— 21Tk
RLTETRIRNES] %, BEFRDT —x<—212hn
2Tk <. Zhosdecoy BFITHSD. 7 I /7 BEBIC L 5
NA T ABET DI, Fh EDOYE decoy BRFlicix, 77—
2 X—=AWFNDT 3 % v » 7 4 LT random %
Dy, b LT — & _R— ARSI AT “Gittis” L
reverse FLYISH VB D (TEBOCAHERANIC R R O 23005
7o\, reverse BFIMNH BN D Z E DI 5 N\ X 5 T
BHD, EBLLNLDBEYINIEROLEND ).

ek, ZhbORSE v b3l 2 BB I L TH W
WS, WEE DD T 7 A M LTHET 5 L (A
PR 70729) %\~ decoy BLFINREIE & 1B HBA T,
ltarget BLAIARIE S 5 (b L <ol b [FE X fn)
BTHoilb b b T, 385 T decoy FLFI2NFEE X
nic] BHETHY, THIIHERNCAEL L EEZ bR S.
o THER, W [decoy BLANDAMBFE I D (b L <
IS FEEINIR) HEThotcicb bbb d, #oT
target FLZINAE S o | 56 S, SR TEL 5, b (B
HLRIBRBIDT) FAEThD EELZDRD. T TH
B ORER OB A2 Z LN TE 5.

FERENLETH DD, decoy BLFIZ AT LIc & ixfak
P (false negative, BlH “IEfRE” 72> 7 DICERHE S T
ARIEMR L ENTHER) TRy, T—2_X—=2HmED
IR, T—x1x [BME (positive, FFIZRIETX7)] &
Mt (negative, BLFIAXFETE laho72) ] O 2F Wy
TonBR, 05 bBHEORNY —FFERE L TERE
NTWB. - T, [ 5 Tdecoy BlFIDNRE S utc € — 7 |
L [ Ctarget BLFINRE S Nl — 2 | kg, T#
IRENTWDHOENLEM] THY, 230 TFRAEDKD |
BB (false) RHETHHDT, EbHb LN (false
positive) &\~5 Z LTl b, f{f - T, target fit%l & decoy



BeFI A R IR Lic &, BB o0, decoy ELFIA
[F%E & =% (decoy assignment (number)) % 2 {5345 .4
ERDD.

FDR=(Decoy assignment x2)/{(Target assignment-Decoy

assignment)+(Decoy assignment X2) }

=(Decoy assignment x2)/(Target assignment+Decoy

assignment)

=(Decoy assignment X 2)/All (positive) assignment
BoRLIcsh, FDRIETOKEENMEDL KT
RFAEERETE WL, BHEL TV 2EREHIET %
A5 2 ENTE I, I BRiE R O E-value [
fii (threshold) # 3O I1CHiET 2 DHFYD, L5 T &
b (FERTC) HWH 7R, §6 - T E-value BIfE At 2 2 2
TAHT, £ DL TOEHOBERFFIT OV TFDR 255 L
ZTOfERD, BRI L FDR 7% X 512 E-value B
REL ALEND D, SR TRFEMA» DD OT, EH
1%, E-value OBfEA KX E < (L) Lo TRWTEHET
. BB R A E-value DR WIEDH Y — F LTV 2 MEL,
VA O BB TS - T, R ROETIE RO
GRAERER ) A M LT KL 1RSI I
HAER” 2k FDR %515 L, FDR 2N 3 Tc b 7o il (1%
R5%ME) LI ZATHARCHIE, REFER
44K ® FDR % HANIC PR DB T X 5.

6 B3 [% UN\—t2 D) REAY—] LV
A4

T =2 XR=ABREDOFERND, TRIETCERTF N,
2R HERHTDIE] & [2 v R HERDO %
CHST 2RS0T F PRRESRIZ] W0 ) X 5Tk
HHIENTES, Thizb i 5 E— ROy TAW¥0%E
T, 2007 3 BEESICHE IR & I L & & O
DEFNDO—FE A, [7 3 7 BT D n% o —F L T
WA ELTUEANTETOLAETHD. L2 AHD,
IhE (n%DrEn—0hs] EERHELTWESZ LN
B 5.

L2 L [#+% 72— homology| & \~9% &k« BEaiidift
FOHE - e Tho T, HNBEBERARID S L EIT
fRewv— AW 255 L8 (A, TR
W OB {L T ] D Z & % homolog & FECY, % @ HAKGE
Fix THRMEET ] THH). FEBRE%TET Lk
TERLV. I TECEY Lick e [ H 5 R
1 10% T3 EEbniiE, FoEwir FERRTTL
FRUSETh) BB RS, T 10% 72050 %4
LEBRELFVFAD Y UANERAEAS. IR GEBE
W) X Tha] 2 [lwn] 2o EbLbnhThs. X—
VTR EOMRE R TIGAE e\ Fe, T
BB LR DHIE W AR 2l < & EMRETH D,
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BLAIMU TN B 22 & 5 I TIRE T& /e, 2L C,
BEONFC L DHEDHRTED L 5 iIsfEmN/Ebhs o
Likiow, (o THESMIOMEY [Yrhetav—] L3
WIro1x, —HEOHEMTHA.
COXSIEAMIARER D XS o e o—D
1%, B2 1EBLAST ® X 5 /¢ [EHI QLML 7 v 7 5
4] N [Rewo—#% (homology search) | & ' T
WHENL TR EwrEEbhS, L Lhta o —BERE
3, [Heao=—0"TH5] 2 [hw] OELLTHEHI%,
W& OFEME (BFo—%EZ A5 Z &%) M
WTHEE T 5 FE] E WO REIKRT, T TR [70%)
Lo o, [FEa =0 FET HHEERN 0% (o
BT T 5) ] W HERTL2 W (Lavd 2 Offig,
[EEFO—FE A O L1387 %). JHEICRFENT %
ToThicWRYy, a5 4+ 3 7 28BS owge ¢l
EFno—] LS HRENEST ZREEIEE e .

7 HE3 T-IR—IANETEXS

T — & X — AR IR B i OB, [FEF
G DT =AXN=ANHLPT, EOF—x2~—2% (K
B<7 5 FoORIER) #1500 b 2IERM? ] L5 b
DTH5. Table LIFAAIOREICFIHI N D Z & D%\
T =2 =2, ok uc B3 A REN LY T — £
N—RALCONTEELEDILDTHHD, E5HFE->TN5HD
by, WD TH DI\ (Toks, D LM Z Nz -8
KFBAlah DF %, Supplementary (Table S2) & LT L72).

I TT— 4 R_=—2ADFRICHIC-> T, DTDX 57k
CECHET A ENNERA S,

OFa Tt —af@tfinotzdnF—2x—2 (lgEn) v —
A) oW, Bk EMBL-EBI 232 e AT %
KNCBL &, k7 w54 37 2B#) v — 2 HE A

NTED, TORERIL Tudst—2ae«F—Xe UL

A kY — Peptidome'®"” DR, #FE T v 2~ OMSSA

(Open Mass Spectrometry Search Algorithm)™® @ B ¥ #

Tiek&, Fusd sz ahbixd LB %. EBLi

2000 4F- A HT 2K 25 & k212, UniProt®, neXtProt' = 7

0yt —s@ED 4" F—xDLAY Y — PRIDEY

DIEE DD, T uTd— AT ABRETFT — & N —

A L LT Ensembl™ %#¥fiid 57, %< DYy —2%

7 u 7+ — AMEHTCE R TR OO T B,

ORGSR DOL XL, 775 —va v OMBEDEIIL,
WM % EAC D 5
WNERBLFV BN % g, Thield, &kt L CREfl7g

T T—vavEITIDIXHELIA, BEDOT — & —

A, MRELT 2 TF— v a v ORENE DL LhDREE

RLTEDY, 0,5 7C, UniProt 1358 CH 5. UniProt

13, ¥2V—R2RXbHEHEMT 77—+ a v Db %5 Swiss-
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Table 1 Popular public databases for life science research

Protein sequence database

Name Formal Name Developer Description Reference
UniProt Universal Protein The collective name of protein databases, consisting of
Resource UniProtKB, UniRef, and UniParc.
UniProtKB An integrated database for proteins, consisting of Swiss-Prot
and TrEMBL.
UniRef Clustered sets of sequences from the UniProtKB and
selected UniParc sequences.
UniParc SIB (Switz.) & A comprehensive and non-redundant protein sequence 6)
EMBL-EBI (EU) database, which archives all past sequences under UniProt.
Swiss-Prot Generated by manual annotation of TTEMBL sequences by
curators. High quality annotation to identify isoforms.
TrEMBL Translated EMBL Automated translation of base sequences in ex-EMBL
(current ENA) database into amino acid sequences; presumed
to be the same as Genpept. With automatic annotation for
genes.
neXtProt SIB (Switz.) & Aims for model organism database for Homo sapiens; 19)
GENEBIO (Switz.) collecting all known information on human sequences and
annotations.
GenPept NCBI (US) Automated translation of base sequences in GenBank —
database into amino acid sequences; presumed to be the same
as TrEMBL.
nr (nr-aa) NCBI (US) An amino acid sequence collection for the search engine —
ICR, Kyoto Univ. target datasets; collected sequences from multiple databases
(Jpn), etc. and redundant sequences removed.
IPI International EMBL-EBI (EU) Project completed; inherited to UniProt 21)
Protein Index
CDS sequence database
Name Formal Name Developer Description Reference
RefSeq The Reference NCBI (US) Manually annotated nucleotide/amino acid sequences by 28)
Sequence curators; organism specific sequence data files not available.
KEGG Kyoto Encyclopedia ICR, Kyoto Univ. Sequences from RefSeq and other reliable resources are 30)
GENES of Genes and (Jpn) “purified” and classified into organism specific data files with
Genomes annotations and rich hyperlinks.
Ensembl EMBL-EBI (EU) The database of ORFs (and genes/proteins) directly predicted 20)
from the entire genome independently from the genome
projects. EBI designates this database as the gene database
corresponding to UniProt.
CCDS Consensus CoDing  NCBI (US) & Sanger A common ID is given to the sequence commonly included 27)
Sequence Institute (UK) in the CDS sets for both human and mouse, predicted by
NCBI and the set by Ensembl; aims for “a complete set of
protein-coding genes with high quality annotation.”
H-inv H-invitational AIST & Tokai Univ. = Human mRNA database with very detailed annotation and 29)
Medical School (Jpn)  hyperlinks.
H-EPD H-inv Extended An union set of H-inv, RefSeq and UniProt; entries from these ~ 31)
Protein Database databases are merged and redundant entries are removed.
Generated especially for searching for missing proteins.
Nucteotide sequence database
Name Formal Name Developer Description Reference
GenBank/ GenBank/European GenBank: NCBI Nucleotide sequence repositories submitted by the 32)~35)
ENA (EMBL)/ Nucleotide Archive/ (US)/ENA: EMBL- experimental scientists themselves; maintained under the
DDBJ DNA Databank of EBI (EU)/DDBJ: international cooperation (INSDC).
Japan NIG (Jpn)
Entrez Gene NCBI (US) The data search/retrieve interface for all data in NCBI; —
managing data with Gene ID.
nr/nt (nr-nt) NCBI (US) A nucleotide sequence collection for the search engine target —
ICR, Kyoto Univ. datasets; collected sequences from multiple databases and
(Jpn), etc. redundant sequences removed.




Prot &, MiEMEDOE W TTEMBL 22500, HHET L
7= International Protein Index (IPD)*" 1z f& > % % % 4, F
o AEC LD v 2 HEF— 4% » ~ (Proteome
Dataset) O & v v e —FNLa[fETHAH (AL, FFIICE
BTN T LIRRFE S T Tay),

UniProt TR b ) H 4+ L\ D1, [UniProt] & [ UniProtKB |
L [Swiss-Prot|] OENTHA 5 (Tablel ). Fn 7
Z 3 7 A48 Tk UniProtKB LAZF @ UniProt 7 — % < — &
(Hl% UniRef & UniParc) %5 Z Lixd /el (¥ h
bOZMHEHRTHONE®MT), D7 UniProtKB (%
UniProt L 8M S5 2 L IEFIC%\ (KRR TH UniRef,
UniParc iIZi3fibr 7z~ T, 5% Th Z0Kb, Fick v
7. <, UniProtKB ® M C UniProt & Z T\ %),

F 72, [UniProt (F 721%% @ Proteome Dataset) 1%
R Tk B 7 v 74— s etk i s R Ly
EFHTxTWBH, [Swiss-Prot ikl 4+ 8% <z [ 7
0 74— 2 DS EE] CHT LR LHTE TS
Liissd (leRe b « 2 VA7 HIZOWTE, BRI
DT 7 F—v 2 It4 T Swiss-Prot T5E T LT\ 573,

74V 7+ — & (isoform) {7 SIXBELILRTRATH 5).

OUniProt LIt o EE4RIE & LTk, MOD (Model Organism
Database; £ 7 L4457 — % ~— =) 2N I ] BEVE A
»5s
(e AWl (Friee 7 vEY) H 07— 2 X —

A, R, TSRO S 2 =7 4 DREEL TE

BL7, WhdhE2 3 2=7F 47 —&~<—2A (community

database) ¥, UL oM OENIEFITE N &%\,

REGE LT, UTFOXLSRLOPETLRS ;

»MGD? (=% =), RGD® (5 » ), FlyBase® (v =
v g wNz), WormBase® (v F 2w (),
TAIR® (v v 1 % XF)

O 2 v 2 EF — 2 X— ANGFEL B ATy,
BEFT—2_X—=20RFNEFIHT 5 Liclebny, I
BN N 2 v 7 BORH E R T 5 & LICITEE
DLETH B
miz B BRIHIA THEL LTw2a50E 5 2kt

entesd, BEEY—7 07 — 2 X—2ARE Tk [HRLT

WA T I BECAN ) BRI A EEEL L. /o TR

FIOHEENE T — 2 R_R—2ANEFELL, FT7 1Y

7 — AT gEYIWr (truncation) 7t & OFEE, x v o3z

BHOBSPEETFORIABELLLTWE I LB

DT, TRHEDEENT —FXR—20nBHALDNEE L.

WEFTF—Z2X—RILT7 A Y 7 +— 22 PTM f5#IL &
FRTWRNI ENSE VDT, ZOEWRTIEAMIEN
Ty ({HL UniProt Th 20 X 5 I EETE T
WA REFR V). B2 E CCDS™ 1k, CDS #5 o 2 v &

VHRABEDIE DT, FEMEOESWEIIOESTHS.
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L2 L ZHdEls, DRSS OBT ] 2025, B %R
ELT ITCEBRTILL DI REEST S L5 Fthix
W7z LT g,

OF =2 —20HW), ¥k, FCROBEHICERT S

G DF—RR—A TV NV CEEND D, ZDE
B Lo THELD A 7T AIBBRBERCEELY L LT
(variable modification ¥ D& LR UE R CTH ). nrid
BEEDOTFT —2 =A% HELTW5ED, BEEEXBEVTW5S
7o, EH DB B GenBank & FIAR L 72 GenPept, [F] U <
FHEOH S EMBL ##FR L7 TTEMBL X b &, #HEox
LI LT B, 1o T, B x v oy BodskA i
DRI 74y, (TYEMBL % & 1r) UniProt 441 5t
LTHEELFTSH I Db, nricx UTREL Tz 5 2
FRDEEL B LT WA e D 5.

BAEE COBIRDOBER ZIRY RS &, I/ 7 3/ BEL
FIBINE LT T — 2 <=2 GH X - TEEEA) 1E
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Which Database to Use?

—Confusions and Puzzles in Database Search and Sequence Analysis—
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For mass spectrometry based-proteomics studies, computational analyses of obtained data are indispensable.
However, the analysis methodologies and software for mass spectrometry and/or proteomics are currently still under
development and many problems thus remain unfixed; consequently, researchers, especially experimental scientists,
often suffer from technical issues and popular misinterpretations. Based on these problems, we describe in this
review the computational processes for protein identification for proteomics beginners, especially the algorithms of
database search and related basic issues: the comparison of de novo sequencing method and database search method,
the effects of PTM detection on the search results, an overview of life science databases, and tips and cautions for
their application to database searches.

Keywords: bioinformatics; computational analysis; database search; identification; mass spectrometry.
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Table S1 (b) Possible phosphorylation site in a trypsin-digested peptide, of
(a) Possible phosphorylation site in a trypsin-digested peptide which the number of phosphorylated sites are less than 13
# i,e ’Il)“,tlﬁcfl ;n a # peptide # posmbl;eei))?i(zlsepshorylated # ?),e’Il;,tiﬁ((i ;n a # peptide # possibl};eeplll;i(z;;;horylated
47 1 140,737,488,355,327 12 2,163 8,857,485
46 0 0 11 3,227 6,605,669
45 0 0 10 4,654 4,761,042
44 0 0 9 7,010 3,582,110
43 1 8,796,093,022,207 3 10,683 2,724,165
42 1 4,398,046,511,103 7 16,400 2,082,800
41 0 0
6 25,210 1,588,230
40 0 0
39 1 549,755,813,887 ° 38,736 1,200,816
38 1 274,877,906,943 4 61,802 927,030
37 0 0 3 100,238 701,666
36 0 0 2 158,211 474,633
35 0 0 1 208,023 208,023
34 2 34,359,738,366 0 157,343 0
33 2 17,179,869,182 Total 793,700 33,713,669
32 9 38,654,705,655
31 7 15,032,385,529
30 5 5,368,709,115
29 5 2,684,354,555
28 11 2,952,790,005
27 19 2,550,136,813
26 21 1,409,286,123
25 29 973,078,499
24 36 603,979,740
23 47 394,264,529
22 71 297,795,513
21 82 171,966,382
20 123 128,974,725
19 178 93,323,086
18 248 65,011,464
17 314 41,156,294
16 454 29,752,890
15 651 21,331,317
14 1,054 17,267,682
13 1,472 12,057,152
12 2,163 8,857,485
11 3,227 6,605,669
10 4,654 4,761,042
9 7,010 3,582,110
8 10,683 2,724,165
7 16,400 2,082,800
6 25,210 1,588,230
5 38,736 1,200,816
4 61,802 927,030
3 100,238 701,666
2 158,211 474,633
1 208,023 208,023
0 157,343 0

Total 798,545 154,879,337,257,752
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Table S2 Popular public databases for life science research and detailed introduction
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