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oh 9% whgol M EL WP JFE Fi JRE Flshy] 3 B

£ 9], PIP-EL, AlPpred, IFNepitope &= 4 o] &= &L} & o] &3t 4= .

T o] flQlo] &= A A 3 =<1 H o] (somatic mutation):= B-A 320 2] 3] <14
2 4 A B-AEE HEHE Juo] Ay o v EZ e} vl 22 91 g ) o]
FOIEZE T O]N%ZF At B-AE A o EZ= A o I EXZ 7

e YEtdl @ &0)a1, B-AIE FH o] I EZ= Y o] oM EX Vs
e e oz\o]u}BAﬂJ A8 oI EX T} o ) EL ] HH 9 Adof] FgkS
T B5E gelsty] Yl d& 51, Bepipred ZE 13 E o] &3 4= 213, B-A]
3 QY o) ol FExT o B EZ o HA YA & F= AL E G5

A3l ol & =, Discotope = o] &8t 4= 9it}.

AN LA ] CD8+ T-A| £ HA DA & shFstar FHrketr] flaf, AU &
Hol OB EZ e} HH A A EAHo] oy ExZ 7ol &d = it AN &
Aol o EX o ujH A A FAR o] oI EZ = 7] FIHE dolH H/EE
AHA] B/ A4S dlol B = vk 7] F 7l E dlol B &= T 324 S =, dbPepNeo,
NEPdb ‘5-& o] &3l & 5% 7 9o, o] o g EZ e} gl A] 9 o 3] EZ 9
z}o] (differential index)S A2k oF 3} 7] wjiF-oll, tlo] g = &k A A8t o 3] &
ZE gt T g Uk S, EA o] o BB} YA 9] o FEZ o
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-

3 4= Qlek. ZeA oo 9% 7] %54 o - differential indexZ A4S 4=
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w9 75k A& 5o, B8 8avh v g dolE 7t 58 A4, EloE 7}
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Qa5 ZRIR/AEES ol 88 S ghol d 4 vk mE Rk
A5EE 5204 AR Al F Aol sk 4 glan, s AR R Ak 2
A F5 QT whey, He] R ORYANSER sl 848 E SA S 4
o= Ae dHo® 3 5 Qlvh B T dol| A= s Trad/da
A5EE 5o 845 S H P 8 v
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2 ¢ oloH SIUE o] 8t AY TR E BT ol &8 4 3
21 113} [578H2) 2]5= RATIO®} DIFFERENCEE <+2] & & e jO]E}.
[_rfﬂ-/\] 1

=THO| QIO ==0 O3 == W/Lnd|S/2=2 £JT at

[a—

RATIO = =3 A
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- Phosphorylation (one of PTM)( L’;}E}) : Differential phosphorylation index (DPI)

- Hydrophobicity(45*4J) : Differential hydrophobicity index (DHI)

- Similarity to known epitopes(& & %l ol 3] E 3 ¢} o] §-A}4]) : Differential
sequence similarity index (DSSI)

- Dissimilarity to self-proteome( A} 7] -+ A 2} 2] H]{-A}4d) : Differential
dissimilarity index (DDI)

- Peptide (epitope) stability(°l] ¥] &3 ¢+ 52 : Differential peptide stability index
(DPSI)

- Proteasomal cleavage(ZZ = H| 5% i) : Differential cleavage index (DCI)

- TAP transport efficiency(TAP %A &) : Differential TAP index (DTI)

- Antigen processing(}¢! A 2]) : Differential antigen processing index (DAPI)

- MHC I binding affinity(MHC 1 2 % 13} %) : Differential agretopicity index
(DAI)

- pMHC stability(pMHC <+7 %) : Differential stability index (DSI)

- Immunogenicity(T-cell receptor interaction)( ¢}) : Differential immunogenicity
index (DII)

- Inflammatory response(
(DIRI)

- B-cell linear epitope(B-A| 3£ 413 o] i) &£ 3 : Differential B-cell linear epitope
index (DBLI)

- B-cell conformationl epitope(B-Al| 3£ & El] o]/} ol 3] E32) : Differential B-cell
conformationl epitope index (DBCI)

=AWl oy Bz thal] T2/ F/ES o] 88te] thg A= 54
LA o) Bl 24 oV EXY 54 4% g [578H4] 11 2
A2 At gk 5 AR fod 245s A¥sta /1 sto] 7]

o AFE VA el WS 22
01

3
%Od °]
0

9 % WE-§) : Differential inflammatory response index
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[104] [3£1]
T8 CD8+ T-Al X Hg 4 CD8+ T-A X v g
A A I EXE (positive) A A F EX (negative)
g HolH Al E 315 4067
B7t HolE Al E 79 3125
[105] - A Ao ol A =, [3E 113 2] dbPepNeo, NEPdb, PRIME t| ©] B, INeo-Epp

[106]

o) Bl 2R e & 315719 W AA o 3] E X (positive) 2}, 406771 2] v H A
A ol 9 B (negative)(5, O | X F o 9] B} AF S MHCT U H 3 2)
£ 855 dl o] B Al E(training set) 2 A}F-8-3} %1 31, McPAS-TCR, VDIdb, IEDB t-cell
db, TESLA consortium H| o] B 2375 3]t 797} 2] A 4] ol 9] & > (positive)
o}, 31257) 2] v HH S A o 9] & 3 (negative) & H 7} tl o] H| A E(independent set)
2 ALEEGI T v EZ ol HA LA S d5ety] al, 2ol o I EZ e o
Ale] o 9 B3z of thal [3F 2]ol - AA| e 2 a5 D ub o ZF A Esh A LR
Al zzoll ofetE @4 H oY Ex 54 & ALkl

[3£2]
Azt =2 A ZRIH/ERYF/E Fugd
/A EE B4
AR olel &g 7]55 4] 9 &(Fu|PROVEAN PMID: 23056405
nctional impact by the mutation)
214k} (Phosphorylation (phosphor | NetMHC phosPan 10.1016/j.immuno
ylated MHC class I ligands)) .2021.100005
Z~7/d (Hydrophobicity) ProtFP PMID: 24059694

7 o g B 9} o] F-ARA (Si|blastP -

milarity to known epitopes)

Dissimilarity to self (human referen | “pairwise2”module in Pytho

ce)-proteome n Bio package

HE] = 9HY A (Peptide stability) |ProtParam PMID: 2075190
3z 2 E|o}<% ¥ (Proteasomal cle|NetCTLpan PMID: 20379710
avage)

TAP transporter efficiency NetCTLpan PMID: 20379710
Antigen processing(Proteasomal cl| MHCflurry PMID: 32711842
eavage + TAP transporter efficienc |(antigen processing score)

y)

MHC I binding affinity NetMHCpan PMID: 32406916
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[107]

[108]

MHCAlurry PMID: 32711842

(antigen presentation score)
pMHC 2+ (pMHC stability) NetMHCstabpan PMID: 27402703
Immunogenicity (T-cell interaction |IEDB tools PMID: 24204222
) PRIME PMID: 33665637
Inflammatory response PIP-EL PMID: 30108593
B-cell linear epitope Bepipred PMID: 16635264
B-cell conformational epitope Discotope PMID: 17001032

o] 3, Hl o] o ¥ EL o} YA ] o ] EZof theff [F 210 A AA]E L2
Db o ' 747t AL ghs 7] 2= ¢hA AW 3k DIFFERENCEZ} RATIO

| 2Fetc), Bl o] oy 2 o) thaf [ 210 Al Al e 2ol Z b o
4F# 3k, DIFFERENCE, ¥ RATIO 5 4 o] & sl -& o] 83 o 14 ol 5
EXQHHAYAA A EZE 7T 9= 7458 AUCY prAUC, P-value
(Wilcoxon rank-sum test, P<0.05)& 7] = 0. 2 ZRI3}31 T} o] 5 544 o & 21|
A= QAETE 1F A5 st Bdlof] =it

[3£3]

NE

0o

o
R

Methods/ Epitope DIFFERENCE RATIO

Programs AUC | prA | P-v |AUC| prA | P-v [AUC| prA | P-v
UC | alue UC | alue UC | alue

Similarity tok |0.561 |0.142 |2.91E [0.518 |0.082 |0.261 |0.523 |0.079 [0.158
nown epitopes (052 |87 -04 1993 |119 265 |862 |501 |083

Dissimilarity t |0.459 |0.066 |0.015 |0.458 [0.065 |0.014 |0.541 |0.081 |0.015
o self-proteome |067 (936 |349 |521 |998 (032 |067 |[895 |003

Hydrophobi  [0.550 |0.078 [0.003 [0.538 |0.086 |0.022 |0.531 |0.078 [0.062
city (ProtFP) |065 |362 |028 (348 |689 |478 (443 |767 |56

NetCTLpan [0.535 |0.083 |0.036 [0.489 [0.072 |0.552 {0.492 |0.071 |0.682
(Cleavage) 254|073 |[788 |895 992 856 999 (916 |194

NetCTLpan (T |0.526 [0.079 |0.122 |0.501 [0.075 [0.806 {0.489 |0.071 |0.650
AP efficiency) (048 (180 |752 [619 |759 |286 (829 463 |069

NetCTLp 0.561 |0.126 [2.55E |0.517 |0.079 (0.300 [0.513 {0.072 |0.433
an (Comb) 76 133 |-04 495 (112 (154 (233 [897 |22

NetMHCpan |0.652 |0.167 |1.90E [0.506 [0.069 |0.679 |0.544 |0.105 |0.008

(%Rank_EL) |255 |535 |[-19 (969 |157 [652 |356 |322 (624
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[109]

NetMHCpan |0.657 |0.148 |9.41E [0.499 [0.068 |0.955 |0.562 |0.099 |2.15E
(%Rank_BA) |736 926 |-21 |05 368 (226 [486 |488 |-04

MHCflurry (pr [0.650 [0.145 [5.56E [0.558 |0.103 |4.80E [0.536 |0.076 |0.028
ocessing score) (284 |857 [-19 |957 (276 |-04 |88 464 (934

MHCflurry (pre [0.673 |0.177 |9.75E |0.556 [0.097 |7.54E |0.521 {0.073 |0.200
sentation score) |387 |378 |-25 889 (804 |-04 |614 229 (527

NetMHCStabPa [0.583 [0.122 |5.40E |0.518 |0.071 [0.280 |0.563 (0.093 |1.61E
n (%Rank_Stab) |87 517 |-07 213 |701 (288 |74 54 -04

PRIME (%Rank) |0.678 |0.162 |2.20E |0.558 |0.083 [4.00E |0.600 [0.096 |1.55E
614 |947 |26 [192 |278 |-04 |326 |53 -09

DeepHLApan (im |0.552 (0.086 [0.001 |0.522 [0.076 |0.186 [0.510 |0.074 |0.533
munogenic score) |[553 |783 |855 |287 |852 (621 [505 |257 |784

NetMHCphos (0.625 |0.142 [9.12E [0.520 |0.075 |0.233 |0.561 |0.096 (2.62E
Pan (Rnk_EL) (828 |283 |[-14 |097 |307 (684 |617 (367 [-04

PIP-EL (inflam |0.460 |0.065 |0.020 [0.474 [0.066 |0.129 |0.473 |0.066 |0.119
matory response) (926 (636 |728 |419 |363 [793 |708 |579 |485

PROVEAN (fu [0.431 [0.059 |5.64E |- - - - - -
nctional impact |995 (677 |[-05
by the mutation

B-cell linear epi | 0.45 | 0.06 [0.004 |0.468 |0.069 [0.058 |0.493 (0.075 [0.714
tope (BcellPred) | 141 | 2508 006 (083 |809 |817 824 |081 |663

Peptide stability | 0.45 | 0.06 [0.008 |0.486 |0.070 |0.494 |10.479 ({0.069 [0.272
5594 | 5555 785 [047 |685 |792 |056 |242 |637

B-cell conform | 0.44 | 0.06 (0.001 [0.481 |0.072 |0.276 |0.514 |0.071 [0.383
ational epitop | 5959 | 171 |374 |587 |856 (434 706 |238 |63

e (Discotope)

ERCEET]

fE
il

Aol o Y| BT ol g A =8k T2 A 20 Phrofshi=
=T st Qagol WA oI E
ZAAE FAsH=t] glo] A4 o= 2Ju]gli= 2 40|t} DIFFERENCES] o
A= A EoH4] LA 2o BoldtE Q4 F I EX EA F 27]-ghul A 9}
o] vl A, A4, MHCflurry (processing score), MHCflurry (presentation score),
PRIME (%Rank)7} H A A o 9] EZ Q1A & Avksti=d] glo] BA 4 o= 9

U] Qli= &40t} % RATIOON thaf A= A= 8H2] L2 A 2o wholsli= &
2RI EZ 54 F 27|l A ef o] ¥]F-AM, NetMHCpan (%Rank_EL),
NetMHCpan (%Rank_BA), MHCflurry (processing score), NetMHCStabPan
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[110]

[111]

[112]

[113]

(%Rank_Stab), PRIME (%Rank), NetMHCphosPan (Rnk_EL)°©] <14 o] 3] E >
ANAE Fetst=t] glo] TA A o= onglE adolt,

g5 ol B M E/G 7 dlolH A ES daExef ta] FA A2 fodt 3
30709 849 A AESHA T2 A~ o BB SEA4)S 2344 b

EYxslate], 714 sy B4 (A F A5 o5 Fd S o] &3k F4)S 35 A
T}, B 2 Al of| o A = Weka &2 1S o] &3510], o] 7] A 5 <L

H !

2 wAsR 0, A A 0w o el YA o1 Y FL B sto] Aelehiz A
o7 HE A AAEATE B AA g oA FFE 2L LogitBoost, BayesNet,
CSForest, AdaBoost, Logistic, PART, NaiveBayes, RandomForest, SMO 2] 971 7| 7]
8¢ gl Fol o9 BY A% E BF FES /| FoE Astgla, X drel
s FFAEE 9 FGrkstr] Y8, sL gk dolE el thal, T /hE A
WU TRIDES S5 A Hlashg

obeh ol [ 413 8145 dlol el AlEo] T @ o952 W94 o F A% B} 2
5 Yebd Aol AL, [ 515 H 7L tlol B Al Eo] th&k ol | EZ A A o=
s 37} A9E bl Aol

¢

[324]
dug & Thre Training DB (P:315, N:4067)
shold | F.Me | Prec |Recall| Accu | ROC | PRC
asure | ision racy | Area | Area
(=A | (=pr
UC) | AUCO)
NetMHCpan <05 | 0193 | 0.116 | 0.565 | 0.660 | 0.652 | 0.168

(%Rank_EL)

MhcFlurry-2.0 >0.5 | 0179 | 0.103 | 0.689 | 0.546 | 0.673 | 0.177
(presentation_score)

PRIME (%Rank) <05 | 0.210 | 0.131 | 0.524 | 0.716 | 0.679 | 0.163

DeepHLApan >0.5 | 0.145 | 0.083 | 0.590 | 0.499 | 0.553 | 0.087
(Immunogenic_score)

IEDB tool >00 | 0137 | 0.078 | 0.578 | 0478 | 0.532 | 0.080
DeepIlmmuno >0.5 | 0.158 | 0.087 | 0934 | 0.187 | 0.548 | 0.091
TESLA Z1 - 0.194 | 0.164 | 0.238 | 0.858 | 0.572 | 0.228
A 71
2 4 (Ne >0.5 | 0302 | 0.259 | 0.362 | 0.880 | 0.724 | 0.234
oPro-Onco)

[3£5]
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[114]

[115]

[116]

dugF Thre Independent test DB (P:79, N:3125)
shold | p.Me | Prec |Recall| Accu | ROC | PRC
asure | ision racy | Area | Area
(=A | (=pr
UC) | AUCO)
NetMHCpan <05 | 0285 | 0.176 | 0.747 | 0908 | 0942 | 0.317

(%Rank_EL)

MhcFlurry-2.0 >0.5 | 0289 | 0.175 | 0.835 | 0.899 | 0.949 | 0.325

(presentation_score)

PRIME (%Rank) <05 | 0323 | 0208 | 0.722 | 0.925 | 0.919 | 0.328

DeepHLApan >0.5 | 0.059 | 0.031 | 0.468 | 0.629 | 0.538 | 0.032

(Immunogenic_score)

IEDB tool >0.0 | 0.061 | 0.032 | 0.633 | 0.519 | 0.598 | 0.032
DeepIlmmuno >0.5 | 0.110 | 0.058 | 0.892 | 0.139 | 0.608 | 0.099
TESLA Z1 - 0.382 | 0.385 | 0.380 | 0.970 | 0.682 | 0.390
A w7
2 4 (Ne >0.5 | 0415 | 0358 | 0494 | 0.966 | 0955 | 0.429
oPro—Onco)

vy o] 72~ 10-fold cross-validation =3 A 3to)l ] 7|&E T/ X213
EL %} 2o 49, AA wolE & ez Jrt ¢33 Aajo|t, [F 413 3
}_g],ud wdol] whE v o] 7| & ol 2 W 9 ek qr g S b oo
AUC‘:1 pAUC F-measure 5 ol A T] £ Oﬂf 7‘33@":*‘2‘&?}% Q’?l%zu: AUTH

measure SO A U] £& o= A - E HAS Q—?_]al— z,: 9]
[¥ 6] 2& 245 ¥3sl= 223} DIFFERENCE 9} RATIO%— A 2] g w9l
o] e v s A E e Aol

[326]

jihd

il

Algorithm Thre Training DB ( Independent test D
shold P:315, N:4067) B (P:79, N:3125)

ROC PRC Area [ROC Area| PRC Area
Area [(=prAUC)| (=AUC) |(=prAUC)

(=AUC)
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T 8A4AE >0.5 0.724 0.234 0.955 0.429
e B
127 9] differential i >0.5 0.730 0.226 0.954 0.408
ndex& A ¢ gt ¥4

[117]

[118]
[119]

HAAAMHA A o ) EL o] MEZ 7} F USR] 7] witof], ] & &gt
As Bl O prAUC 7| £ 0 2 Bl 3t t), (3% 6] F250, DIFFERENCE
9} RATIOE ¥ 38}3l ¥ dl o] DIFFERENCE®} RATIOZ} A 9] ¥

RElrv o =
X 's& H.o] Differential index(DIFFERENCE 2} RATIO)7} ™ &1 214 oMEi%
o Zslizd] 7] g-g gelst 4= gt}

oI, ¥ Il & 9 SAG 32 AAE 7l=skel e vl G Al T4 A
A& 7H Aol Al Qhoi A, ol e gk A A 91 7] x| v A gk AAjoFEd B
ol o]of o]l £ g o] W7} A dtE = Ao] ofd A& gk Aoy, ufe}
A B o] A A= JRE FAEES 1A EY sl o 49
grhar g Aol
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