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[k ER S Flu
¥ File
ik . Fascgedl digest A fall OL. 1001, 1009,
462 _ssecgei_digest A full D1.1239.Lz4l.3
1070, Jaceged digese A full OL.2335,2337
LIRS Jacceged digese & full 0L.2405,2407.3
510 . Jaecgel digest & Full 01,1517, 133583
b2ly L /akcqgei_digest A Tall Dl.2607.200%.d
094, /aecoei digest A fall 01,2003, 20153
812 . faseged digese & full 0L.1873, 1BT7E.3
1142 Jaccgei digeae & full 01.2471.3473.2
b6 L saecgel digest A Iall OL.1943.1 ad
1205 LJaerqgei_digest A _full 012765,
1220 L /aecqgei digest A fall 01,2621,
1153 |, /aerqged digeac & full 0l
Nz L faecged digese & full 0L.
LOGT ,/ascgsd digest A fall 01,2729
125 . fsecgei digesc_k full _OL.0GHL.
1020 | aeeqgei digese A $all 01,2237,
8l . Jaccgei digese & full 0OL.2163, 216562
3313 . sAecgel digesE A Tull OL.13&81.13687.3
Ule /ascgsd digest A fall UL, LUWY, JUU. S
760 . ssecgei digest Ak full 0L.1771.1773.2
1043 ,/aceqed digese & full 0L.2280,2291.2
15T . Jaccged digeae A full 01.0735.0737.3
Uk . sAepgel digesE A Tull OL.0607.0R0W. X
625 . /atcgei_digest A Dall Dl l%ad, i525.9
117 f3ecgei digest A fall OL.06%3,0665.3
712 . Jaceged digeae & fuall 01,1675, 16E1
650 . /arcged digeae & full 0. 1580, 1870
¥ . /aecgel digest A fuall 0L
1045 Jaerqei_digest A full 012277,
861 | aeeqgei digese & $all 0L 1911
626 . Jaceged digeae & full 0L.1529.1
178 . Jascgei digese & full 0L 0767,
JiW L Jascged digest A fall OL. 1009, 1011.37
L1
=]

8
=061 .50 ARG L
+2.0] 61000 252
{+0.5] 6.0682 2165.9
{+0.8] &.0041 LE73.68
{#1.8] §.9810 TaHE. 3
i-0.1] 5938 2l3. 1
+0.0] 5563 1260.3
40, 5] §.548€ 1407.6
{=0.8] 5.5372 T7L.0
+.9]  §.493TR A5HL.3
+0.4]  5.06T0 1654.1
=0.3]1 5.3331 1645, 5
{+2.11 53167 L&40. 4
{=0.8] §, 1478 Long.n
-0.2]  5.145 o2
+0.0]  d4.3145 152
i=0.1]1 4.8921 1764.0
{=0.7] 4.8738 LE15. 4
{#0.7)  d.8%i% &840
=081 &T0E 407
=0.1] 4.7547 1047.9
{+0.5] 4.75&4 1497.0
{=0.5] 4.74T1 1496.2
{=0.4) 48602 32248
=071 %657 47044
+0.0]  4.3301 1627.3
i=0.3] 4.5772 Li4a.8
{+0.4] 4, 5737 E3T.%
#1491 43007 A3 8
=0.5] &.5002 1236.7
{=0.4] 4.4874 482.4
i=0.5] 4.41%2 L73L.6
{40.7] 4.41008 LBAg. 2
HLD] AaAllE 2hF.

07220 AN, Sdata/searchrakeller/dstabasesn /nev Mis plus protéirmis. &6, KVEAAWG

Before PeptideProphet was developed,
a threshold model was the standard
way of evaluating the peptides matched
by a search of MS/MS spectra against a
protein database.

The threshold model sorts search

results by a match score.

427 U4 =p | FOUSEL ICANS PUVIH B YRS FRYE VDD S OD EAY L. [
A3/ 04 =plF00R2L ICAHZ POVIN R, LYOFNTFEWGSSRR0GSENTVDR. K
377 84 =p|P00S2L1ICAHZ EOVIN K. YCDFCTAAQPDCLAVNGVFLE. ¥
A5/ 84 sp|PO0S2LICAHZ EOVIN K. YRR FETAAMFICLATVCTFLE. W
d8S HA  =p | FOOSEL ICART BOVIN H. LY FHFHNGESRE] FEEHTVIE . K
J1F5 Fa Ep | FUESELG I CASI_ IPUYER R EHFIUAFLLTOEFYLGPYR. b
A3 Te  =p|FOZTI4) LACDH BOVIN R IVEELRFTFECGDLEILLOR. @
35S T&  =p|POITS4ILACE EOVIN B, VYVEELEFTFECDLEILLOK. ¥
24/ 4 sp|PO0S2LICAHZ EOVIN K. YROFOTAAMFIGLATVETFLE. W
d4F Té  =pl FOITH41LACH BUYIN R YYVEELKFTFEGDLELILLOK. W
2475 30 =5 FOZTLS41LACY POVIN K VALTWTSLARAASDISLIDADSAFLE. ¥
22¢ o =p|FOZGGGICATD BOVIN R ONFIQAFLLYQEFVIGEYVR.
Aly 72 =p|PO0S2LICAHZ EOVIN R, TLRFHAEGE FELLHLANEE. F

=p | FO0SZ] ICARE RIVIN

K. VD FOTRADOPOGLATVEYFLE. ¥

&P | FOUFEL ICANS IOYIH

Eo TG TAAOP DG LAYY Y FLE.

=p | FO0221 ICAN: BOWIN
=p | POITEDALET EOVIN
ap | FOZEEA ICATR EOVIN

R MVERGESIRVEYDDIONE. &
K. DAFLCEFLYEYSR. R
E, LWFCEIVESL2SRFERTTR. X

&p | FUZ&AG ICASH BOYIN

K. FSEEQOITEDE LM IHFFAT). 5

&P | FUSTSA1 LALD IOYIN

R YTYEELRFTFELAD LELLLUR. W

=p | FOZE66ICATH BOVIN
=p | POZEES ICATE EOVIN

ap | FODS2L ICARE BIVIN

L. EVFEIVEILSSSEESITR. I
A PELEELNVFCEIVESLESTEESITR. 1
R, IRNCESFRVE VRO 2OTE. A

&p | FOZ&AR ICASH BOVIN

K. FISEEQQITEDE L. T

&P | FUSTLH LALIU_UYIN
=p | FOOR21 ICAN: BOWIN
=0 | Q27943 | TRTE_EOVIN

R FIFYFTARELL TTARE. T
B, MVRRGESIRVETDDIONE, &
K, GEADARSLIGGYLYTAGE. C

ap | MIZEEE I CAZE BIVIN

K. FIZEEQ)ITENELODETHI FAOTOEL. ¥

Ep I FOSTAG1LACE BOYIN

R YYVEELKFTFEGDLELLLOK. W

= | FOZELLICATH BOYVIN

A FTLFF IRV [VESLSSSEESITR. 1

20/ 35 =n|PO2TELILACE BOVIN B VVEELRFTPECDLEILLOR. @
20/ 24 = | PO2TET|ALET EOVIN K, LEEYGFONALIVE. T
23/ 30 =p|POZERAICATRE BOVIN K. FISFEMITENELODE. T
2l 44 FplFUSTLEIALIU PUYVIH B, FIFEYAYSYLLE. L
*
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Set some
threshold

Next, a threshold value was set.
Different programs have different
scoring schemes, so SEQUEST,
Mascot, and X!Tandem use different
e st s — thresholds.

Different thresholds may also be
needed for different charge states,
sample complexity, and database size.
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03719702, 07:20 AN, SAatasearchiskeller/databasss/nev_hus plus_prsteirmis. &, AVG/AVE
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925 . /escged digest A full 01.1001.1003.3 7 {-0.6]  T.5063 45461 L 04 =p| POOSZLICARE BOVIM . MVRMGES FRVETDDS0DKAVLE. I

462 _/secgei_digesc_k full 0l. 7 (+2.0)  6.1008 3N26.2 B4 =pl| FODSELICAN:_BOVIN . LVOFINGES0E 0GAEITVIR. K
1070 |, jaceges dagese A gull OL. 5 {+0.5] 6.0682 0.491  Z166.9 =p | FODSZL|CABZ EOVIN K. YGDFCTAAIQPDGLAVVGVFLE,
1105 | jarcyedi digrae & fall 017 5 {+0.8] 60041 0.511  1873.6 =p| PODAZ1 | CARZ_BOVIN ¥, YOLFOTAADOPDOLAVVYE

510 . Jaecgel digest A full 0O1. T o#l.5] 5.9511 - ZaR®. 3 &p | FO0SEL ICART BOVIN R, LYOFHFHUGESRECEERTVDE. K
L2l% /ascges_digest_h_tall_Ul. 6 {-0.1] 57343 0,502 22020 4 =p | FUEbG I CASD_DOVIN &, DHFIOAFLLYOEFYLG SE U EST
034 . /3ecgei digest k fall L. 7 (+0.0)  5.5636 0.4 1260.3 =p | FOZ754) LACD BOVIN R VIVEELE, X

812 | /oteges digese A full OL. 7 (+0.5] 5.5456 © 1407.6 =p | FO2754| LACE_ED R VIVE ¥
1142 | Jarcyed digese A full 1.2 .5 {=0,8] 5.5372 O.° 771.0 =p | PODSZLICARE BOVIN ¥, TOOFOTAAOOPDOLATVOVFLE. ¥

836 . /aecgei digest A full OL. 47 (+0.9]  §.4579 15813 1 T341LACH BUVIN R VIVEELKFTPEGDLEILLOE. ¥ Xcorr > 2 . 5
1209 . 7aecgei_digest_A_fall UL L1 (40.d] 5. 36TE 1654.1 EpIFD LACH_BOWIN K. VAGTUTSLAMAASD L SLLDAISAFLE. ¥
1220, /3ecgel digesc A full 0L 6 i=0,51 5,333 1646.5 L =P | FOZ66G | CASE BOVE R, P IQAFLLYQEFVLGEVE. &
1153, jaeeqges digeac & full 0l 5 (+2.1] 5.3167 1640, 4 =p | PONSZL | CABZ B R, TLRFNAEGE PELLHLANVR. F dcn > O 1
102 | Jaecyei digese & full O 5 {=0.6] 5.1675 1008, 0 21| FODSZLICARZ_ BT ¥, YGOFTTAAQOPDGLATVGFLE. ¥ .
1067 . /atcged digest A full 0L.2Je9.2093.2 2254.5 (-0.9] 5.1482 G0z 1 £p | FODF2LICANZ DOVE K. TG FUTAAIOFDGLATYGYFLE. ¥

125 _/secgei digesc_h_full 0L.0681.0G0L.2 2000.% (+0.0) 4.5146 1795.2 =p | FODSELICAN:_BOVIN . FVRMGIES FRVE DD 300K

1568.7 (0,11 4.8821 17640 L AFLGEFLYEVSR. It

ofoeeged digesc A fall 0L
2 B

ALY EEDLE

oSEtEgel digest A fall 0L,

sort by match score

Mascot

1079 A,

_73ecgei digesc A full 01.1771.177 47587 36 =plFOZEEEIL

.fzergei digest h fall 0L.2289,2250.2 34,7564 45 zp|POZEEBIC

L/aecqei digeat b full OL,0735, 4,7471 5 ap|FODSELICARE BO Score > 45

LSAREgE]l digesE A Tull 0OL.0607 &, K80 10 &p | FOZEARICASE B

L/atcgel_dagest_h Pall UL, l%zd, 46530 W0 Ep| FOZTLY TALIU_G

.f3eTqei digesc k fall DL, 0683, 4, 5900 B8 zp|FODSEL|CAH: BOVIM TEDSG0E, A

. faergei digeae & full 0L, 1675, 1 4,5772 34 2p|029943 | TRTE_EOVIN ¥LYTAGE,

_/acegei digeat & full 01,1559, 1 4,5737 108 HFFAOTIZL, ¥

L /aCgel digest A Dull 01,2083, 4. 8707 6 ] X'Tandem

_73ecgel_digest_h_fall DL, 4,500 5 FSITR. 1 .

.fzerqgei digesc & fall DL, 1951, 4,4874 = . FIPECDLEILLAK, ¥

_jaeEged digeac & full 01,1529, 1 p 4, 4152 24 F K. I INALIVE. ¥ Score < O 01

_/aecqei digest ) full 0L 0767 3.0 4, 4109 30 =p|FOZERRICATE BOVIN ¥. FISEEQQITEDELODE. T .
928 L /sergel dagest h Pall UL, 1008, 3001.3 L4407 (+0.0] 4,408 44 Ep | FUZI0U IALIU BOVIN R, FEFEYAYSVLLE, L -

spectrum scores  protein peptide



Below threshold Peptides that are identified with scores
matches drOpped above the threshold are considered

“correct” matches. Those with scores
below the threshold are considered
) HIML-SUMMARY v.8 [rev 0), Copyright 1996 - Mozilla Firefox “inCOrreCt".
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¥ . 5 R
925 L /ssrged digest A Ball OL.1001,2003.3 7. 5063 P 1Y P R £p | POOZELICAHS BOVIM . EYRUGIES FRVE VDD SUDEAVLE..
462 . /secgei digesc_h fall D1.1275.1 6. 1008 Mgz 1 =p I FODSZLIC £ LVORIFNGEDB0GSENTVIE.. K
WM | /accges digesr A full DL, 2335, 6, 0682 T =p o051 K, YEDFCTARQPDGLAVVGVFLE
1105 | Jaccgei digear A full 017 60041 0.511 L8736 >p | FOD%zZ1 ¥, ¥ICFOTAMOPIGLATVEVPLE
510 . Jaecgel digest A full 0O1. 5.9511 - ZaR®. 3 = | FOOSEL R, LYOFHFHUGESRECEERTVDE. K
1219 /atcges_digest A_Dall UL 20076 | 57943 0.502 20 L Fp | FUZELE ICASD_OVIN . FHFIUAFLLTOEFYAGEVE. &
094 . /aecqei digest A fuil 01,2003, % 2314,7 (+0.00 5,563 0.4 1260.3 L 4) LACD_BOVE R, WVEELBFTFEGOLEILLON, ¥ SE U EST
B1Z ,/gerei diges h full DL, 1873, 187 2314,7 (40,51 5.5456 13076 1 3 P, VIVEELEFTFEGDL ¥
1142 . /accgei digest A full 01, 2471,2 5 (526 TTL.0 : aplPODARL ¥, ¥IOFOTAMOPIGLAVVGVFLE. ¥
#36 L /secgei dagest A fall OL,1943, $ ; Jep FOETS . VIVEELEFTFEGOLEL Xcorr > 2 5
120% | 7aecgel_digest A_Tull 0L =p I FOZT5A .
1320 | /accgei digest A fuil 0L DI FOZEEEIL
1153 |, /accge digear & full 0l =p | OS2
Nz L faecged digese & full 0L. =p | FIODSZL an > O.l
W67 L /atcges digest A Dall UL Ep | FUDZZLIL
. dmergel _digesc & _full 0L. =pl FOOSELIC

eegel digese A fall 0L,
24 gear

ELIE ;
ULS /acgel digest A Tall D1,
760 . faecgei digesg & full 01,
1043 | /acegei diges
IST L faccgei digeat h full

EpIFlaT5d
Tp I FOZEGG
=p | FO2EEE
ap | FO0SEL

&5 | FOZEAR L

Mascot
Score > 45

digest & Tull 0OL.
L /ascgel_digest_h Dall_Ol.lvad.
ofmergel digesc A fall OL.0663,
faceged digeae A full 0l.1675.1
sfaceged digeae & full 0L.1580.0
JAEepgel digest & full 0L, N
1045 /3ecges digest_k_full OL. =, 382 ; 1 "
861 . merqgei digese A full 0L 2 | 74 0.3 ;3 . FTPECDOLEILLGK, §

Ul L fascgen [TTF

=p | FOOR21 | CAN X I ] DIOTE, A
=i | Q25443 FLYTAGH.C

sort by match score

XITandem

626 . Jacegei digeac = 1520, 1 OHALIVE. T
176 faseqei i full 010767 Score < O 01
40 L ascgsd digest A fall OL. 1009, 10LL.J 1840.7 | 4 S, DTG IALIY IPUYVIH L .

4 *
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EB%E?FGF luMThere haS to be The threshold model has these

problems, which PeptideProphet

a better Wa.y tries to solve:

 Poor sensitivity/specificity trade-off, unless you consider
multiple scores simultaneously.

 No way to choose an error rate (p=0.05).

 Need to have different thresholds for:
— different instruments (QTOF, TOF-TOF, lonTrap)
— ionization sources (electrospray vs MALDI)
— sample complexities (2D gel spot vs MudPIT)
— different databases (SwissProt vs NR)

* Impossible to compare results from different search
algorithms, multiple instruments, and so on.



Creating a

PeptideProphet starts with a
IScriminan discriminant score. If an application
uses several scores, (SEQUEST uses
Score Xcorr, ACn, and Sp scores; Mascot

RE

—r uses ion scores plus identity and
L e T e T P homology thresholds), these are first
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03709002, OTF:20 AN, Fdata/searchiakeller/databasss /nev s plas proteirmis. &6, AWEAAWG

¥ File FH+ WCoxe ] 1 R

I35 L smecged digest A fall 01.1001,3009.3 2511.7](-0.6) ; £ | PODSELICANE DOVIN B VRN GIES RYE DD SOUEAYLE. D
462 _/mergel digesc h_full 01.1273.1z4L_ 3 2504.7|(+2.0) FpI FODSELICAHE_BOVIN . IO GSa0E 0 GAE TR K
M70 _facEqgel digest A fall 01.2335.2337.3 2254.5| (40.5) #p| FO0S2L | CAHZ EOVIN K. YCDFCTAAPFDCLAVVGVELE. ¥
M0E faccged digrat & full 01,2408, 2407.3 2254, 5| (+0.8] 23| PONSE L | CARE_BOVIN K. YELFETAADFIGLAVVEVELE. ¥ e}
510 . Jaecgel digest A Full OL. 1517, 03380 Z5R4. 7] (+1.5] &p | FO0SEL ICART BOVIN R, LYOFHFHUGESRECEERTVDE. K
Lily L ascged_dagest h_fall Ul.atdi.eblz.d  2007.6)(-0.1) ; Fp | FOt0h | CASL_OVIN R ENFIOAFLLVOEFYLGE YR, & —
084 . /3ecqgel digest A _full 0L.2003,2005.3 23147 (+0.0) Fp|FOZT54) LACE BOVIN ] (@]
Bl2 . s¢Eqgel digese & full 0L.1873,0875.3 2314,7|(+0.5) =p | F02754] LACE_EOVIN ] O
1142 faccged digeat A full 01,2471, 2473.2 2254,.5| {-0.8) ap | PONSELICARE BOVIN K. FEOFETAADFDGLAVVGVELE. ¥
#36 L /mecqgel digest A full 01,1943, L3 E¥L4.7)(40.9) ; £p | FUZT541 LACH BOYIN R YTVEELEFTFEGDLEILLOK, ¥ 7p]
1209 _faecgel digest h_full DL. 1 FpIFOZ7541 LACH BOVIN ¥ VAGTUTSLAPAASD ISLLDADSAFLEL ¥
1220 Lfaecqgel digest A fail 0L ] TP FOZE6G|CASD BOVIN 7, DHFTQAFLLYQE FYLGE VR & e
1153 . faceqged_digeac & full 0l 5 =p | 00521 | CABZ BOVIN ., TLRFHAEGE PELLHLANWE. F &)
1102 faecged digest A full 0L, .5 = | FONSZLICARE_BOVIM ¥, YELFOTAAPDELAVVGVFLE. ¥ —
MOG7 L fatcged digest A fall Ok, 5[ 1-0.% ; £p | FODZZLICANZ DOVIN K TG FETAADIR DG LAY Y Y FLE. ¥ CG
125 _/mecgel digesc_k_full 0l. L2 (+0.0) E2/ 34 rp| FODSELICAHE_BOVIN . HVRNGIES FRVE (DD S00E. A
1020 facegel digese k fall 01.23 7 1=0.1) 157 34 zp|FO2TESIALEY EOVIN ¥, DAFLCEFLYEYSE. B E
981 . /accqged digeak & full 01.2163,.2165.2 2147.3){-0.7) 26/ 38 3p| MI256A|CAZR _BOVIN E. LNVPGEIVESLEESEESITR. T
3313 o sAepgel digesE A Tull OL. 1981, 1367T.3F 2W06.0] {+0.7] L85 BI =p | PIZGAATCASH BOVIN K. FISEEQQUTEDE LD ITHPFAQTY) . 5
UL§ L /@ecgel digest A fall 01,1099, 0003.2 2914.7](-0.6) ; 187 00 #pl|Flas5Al LAGD DOVIN R VTVEELRFTFECDLELLLUR, W >
760 . /mecgel digesc & full 01.1771.1773.2 2004.2](-0.1) 26/ 36 rp| FOG6GICASE_BOVIN L. EVFGEIVESLISSEESITR. T o)
M04% _facEqgel digest A fall 01.2280.2290.2 2804.0| (40.5) 36/ 48 7p|POISEE|CATE EOVIN A FELEELMVICEIVESLSSSEELITR. I
15T /accged digeak & full 01.0735,0737-3 2000,2|{-0.5] ] EE ap | PONSELICARE BOVIN R, AVRNGEEFRVEYTO 00K, A )
e LSAREgE]l digesE A Tull 0OL. 8. 3 {=0.4) a.8 &p | FOZ&AR ICASH BOVIN K. FISEEQUTEDNELQDN. T h
2% L/@trgel_digest A _fall Dl al-0.7 ; 1901.4 287 G0 Fp| FUa LR IALUL_DOVIN R FIFTFTARELLY VARR. ¥ (@)
117 .fsecqgel digest & _full 0l. 2| 1+0.0 1627.3 367 68 Tp|FODZEL|CAHE BOVIN ., VR GIS FRVE (DD Q0. A
712 . /aceqed digeae & full nl. 0| 1-0.3 1143.8 ZL/ 34 =p|0z0443) TRIE_BOVIN K. GEADAMELDGGYLYTAGE. 7))
851 L/accqged digeae & full 01 3| {404 E3T.5 N0 3p | PIZEERICASE EBOVIN ¥. FIZEE QOO TEDE LODETHFFAQTOEL . ¥
94 L /aecqgel digest A Dull 01 7 (44,41 ; L34 2 T6 Ep|FOGT541 LACH BUYIN R VTVEELEFTFEGDLEILLUK, W
1045 Traecgel digest h_full DL. o {-0.5] 12367 IL7 96  Fp| FOZGGGICASY BOVIN A FELEFLMVFGELD SEEESITR. 1
861 . aseqged digese & full 01. 7| 1=0.41 482.4 307 38 3p|PO2TE4)LACE EOVIN 7 VEELAFTIECOLELLLAK. B
626 . /acEqed digear A full nl. 7| 1=0.5] 1731.6 20/ 24 3p| PO2T69 | ALEI BOVIN K. LEEYGFONALIVE. ¥
178 _Jaecqei digest & full 01, 0| {+0.7) 1966, 2 23/ 30 ap| FI2EARICASRE BOVIN ¥. FISEEQOITROELODE. T
JaW L /esrgel digest A fall 01,1009, 300037 1440.7) (+0.10] JJ0E R 207 W £p| FUZTLRIALIY DOVIN R FIFEYAYSVLLE. L -
£ ¥

(-1 ]
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[ln
fﬁg&% h—Piscriminant score

g

for SEQUEST

\
. In(XCorr)

In(#AAS)
+7.4* ACn
—0.2*In(rankSp)
—0.3* AMass
—0.96

For example, here’s the formula to
combine SEQUEST’s scores into a
discriminant score:

SEQUEST’s XCorr (correlation
score) is corrected for length of the
peptide. High correlation is
rewarded.

SEQUEST’s ACn tells how far the
top score is from the rest. Being far
ahead of others is rewarded.

The top ranked by SEQUEST’s Sp
score has In(rankSp)=0. Lower
ranked scores are penalized.

Poor mass accuracy (big AMass) is
also penalized.




WJistogram of Once Peptide Prophet calculates the
e scores discriminant scores for all the spectra in

200 a sample, it makes a histogram of these
discriminant scores.

0T For example, in the sample shown here,

160 + 70 spectra have scores around 2.5.

140 -

120 -

100 A
80 A

60

Number of spectra in each bin

-3.9 -2.3 -0.7 0.9 2.5 4.1 5.7 7.3

Discriminant score (D)



Mixture of This histogram shows the distributions
X G distributions of correct and incorrect matches.

& 200 PeptideProphet assumes that these
180 | distributions are standard statistical
distributions.

160 + “Incorrect”
140 +

Using curve-fitting, PeptideProphet
draws the correct and incorrect
distributions.

120 +

100 +
80

« ‘correct”
60 -

Number of spectra in each bin

-3.9 -2.3 -0.7 0.9 2.5 4.1 5.7 7.3

Discriminant score (D)



BayeS|an Once correct and incorrect distributions
b - statistics are drawn, PeptideProphet uses

200
180 |
1601 “incorrect”
140 |
120 |
100 |
80 +

60

Number of spectra in each bin

Bayesian statistics to compute the
probability p(+|D) that a match is
correct, given a discriminant score D.

p(D[+)p(+)
p(D[+)p(+) + p(D[-)p(-)

p(+|D)=

“correct”

-0.7 0.9 2.5 4.1 5.7 7.3

Discriminant score (D)



Number of spectra in each bin

I

Ilulr,

J?Egé%w

PrObablllty of a The statistical formula looks fierce, but

= correct match relating it to the histogram shows that
200 the prob of a score of 2.5 being correct
180 + 'S prob of having score 2.5
1 | and being correct
160 + “incorrect” [ | (prob of having score 2.5)
140 -+ : ’
100 | : ‘ p(D]+)p(+)
X p(D[+)p(+) |+ p(D|-)p(-)
100 | §
80 + J
. correct”
60 .
40 + ‘|
20 + ,
Z S .
0 —- 4 ~lale = T ! 1 ="
-3.9 -2.3 -0.7 0.9 2.5 4.1 5.7 7.3

Discriminant score (D)
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PeptideProphet
model IS accurate

All Technical
Replicates
Together

e L

Individual
Samples
(small)

0.0 0.2 0.4

1
0.6

0.8

computed probability

1.0

Keller, et al. checked
PeptideProphet on a control
data set for which they knew the
right answer.

Ideally, the PeptideProphet-
computed probability should be
identical to the actual probability,
corresponding to a 45-degree
line on this graph.

They tested PeptideProphet with
both large and small data sets
and found pretty good
agreement with the real
probability.

Since it was published, the
Institute for Systems Biology has
used PeptideProphet on a
number of protein samples of
varying complexity.

Keller et al., Anal Chem 2002



f'u”mﬂ PeptldeF?r.ophet This graph shows the trade-offs
G more sensitive than  between the errors (false
identifications) and the

threshold model sensitivity (the percentage of
possible peptides identified).

A 0'30_ S | Theideal is zero error and
everything identified (sensitivity
Lz 5 1 =100%).
020l PeptideProphet corresponds to
the curved line. Squares 1-5 are
3 thresholds chosen by other
6 0.15p . 1 authors.
o
0.10} i
0.05} | correctly identifies
4 . everything, with
0.00 — N no error
0.5 0.6 0.7 0.8 0.9 1.0

sensitivity

Keller et al, Anal Chem 2002



%5%@;“— PeptideProphet For example, for a threshold of

Compared to Sequest Xcorr > 2 and ACn>.1 with only
fully tryptic peptides allowed

Xcorr cutoff of 2 (see square 5 on the graph),

Sequest’s error rate is only 2%.

0.30 —mmm @ ™ —— However, its sensitivity is only
A : i 0.6 —that s, only 60% of the

0251 4 spectra are identified.

Using PeptideProphet, the same
0.20¢ 1 2% error rate identifies 90% of
. 3 the spectra, because the

s 015} XCorr>2 - | dlscr_lmlnant score is tuned to
~ _ provide better results.
D dCn>0.1

0.10} i

NTT=2 :

i correctly identifies
;llllld’l EEEEEEEEEEEEEEEEER everythlng1W|th
a i

0.00! el no error
05 0.6 0.7 0.8 0.9 1.0

sensitivity

0.05} \5

Keller et al., Anal Chem 2002



E‘@ﬁ%&*ﬁﬂ?@% Peptide Prophet
compared to charge-

A

error

0.30 S S S S S ———

0.20

OIOINTT>=1 N\ 2

0.05}

0.00 .
05 06 07 08 09 10

dependent cutoff

0.251 g

+2 XCorr>2

015L+3 XCorr>2.5 2 -

L dCn>0.1

5
1
4.‘

sensitivity

Another example uses a
different threshold for charge +2
and charge +3 spectra (see
square 2 on the graph). For this
threshold, the error rate is 8%
and the sensitivity is 80%.

At an error rate of 8%,
PeptideProphet identifies 95% of
the peptides.

correctly identifies
everything, with
no error

Keller et al., Anal Chem 2002



ﬂ Uh PeptldeProphet A big advantage is that you can
= allows you to choose choose any error rate you like,

such as 5% for inclusive
an error rate searches, or 1% for extremely
accurate searches.

0.30 ——————————————r
A

0.25} -

0.20¢

m

0.15

error

0.10¢ 2

i correctly identifies
4 . everything, with

0.00 - A - no error

0.5 0.6 0.7 0.8 0.9 1.0

sensitivity

G‘GSIIIIllll5lIIIIIIIIIIIIIIIIIIIIII

Keller et al., Anal Chem 2002



Biﬁggmdh-rhere haS to be Recall the problems that

PeptideProphet was designed to

a better Way fix. How well did it do?

 Poor sensitivity/specificity trade-off unless you consider
multiple scores simultaneously.

 No way to choose an error rate (p=0.05).

 Need to have different thresholds for:
— different instruments (QTOF, TOF-TOF, lonTrap)
— ionization sources (electrospray vs MALDI)
— sample complexities (2D gel spot vs MudPIT)
— different databases (SwissProt vs NR)

* Impossible to compare results from different search
algorithms, multiple instruments, and so on.



lfuﬂh PeptldeProphet The discriminant score
better Scores combines the various scores

iInto one optimal score.

* Poor sensttv lfici 55 you consider
m multane
“—discriminant score
 No way to choose an error rate (p=0.05).

 Need to have different thresholds for:
— different instruments (QTOF, TOF-TOF, lonTrap)
— ionization sources (electrospray vs MALDI)
— sample complexities (2D gel spot vs MudPIT)
— different databases (SwissProt vs NR)

* Impossible to compare results from different search
algorithms, multiple instruments, and so on.



'fl'dﬂ'JL PeptideProphet The error vs. sensitivity curves
RE ; : ; :
better control of error derived from the distributions

allow you to choose the error

rate rate.

* Poor sensttv lfici SS you consider
m multaneoosty—wvo0_ =
“~~——discriminant score

- Nowa (p=0.05).
— ~_~ €estimate error

. Need to have different thresholds for: With distributions
— different instruments (QTOF, TOF-TOF, lonTrap)
— lonization sources (electrospray vs MALDI)

— sample complexities (2D gel spot vs MudPIT)
— different databases (SwissProt vs NR)

* Impossible to compare results from different search
algorithms, multiple instruments, and so on.



Bgé%fiuém_ PeptideProphet Each experiment has a different

. histogram of discriminant
better adaptability scores, to which the probability

curves are automatically

adapted.- _

Poor sensitvt lfici SS you consider
m multaneousty

“~——discriminant score
- Nowa (p=0.05)

— estimate error

to have different thresholds for: WIith distributions
' , “TonTrap)

Spray vs MALDI) :

— sampl it tvs MudPIT) ~ Curve-it
erent databases (SwissProt vs “~__distributions
to data (EM)

Impossible to compare results from different search
algorithms, multiple instruments, and so on.




'fl'dﬁ'JL PeptideProphet Because results are reported as
= better reporting probabilities, you can compare

different programs, samples,
and experiments.

Poor sensitvt lfici SS you consider
m multaneousty

0O Wa

—

erent databases (SwissProt vs

“~——discriminant score
‘0’50_55)

estimate error

to have different thresholds for: WIith distributions

; , lonTrap)
Spray vs MALDI) _
tvs MudPlT)  Curve-it
“~__ distributions
to data (EM)

ImpoSSibte<te-compare results f | arch
and so on.

algorithms, mults

\/report P-values
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PeptideProphet Summary

 |dentifies more peptides in each sample.

» Allows trade-offs: wrong peptides against missed
peptides.

e Provides probabilities:

— easy to interpret
— comparable between experiments

o Automatically adjusts for each data set.

e Has been verified on many real proteome samples:
see www.peptideatlas.org/repository.



http://www.peptideatlas.org/repository
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