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Knowledge based Genetic Algorithm for the Prediction of Peptides binding
to HLA alleles common in Koreans
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ABSTRACT

T cells induce immune responses and thereby eliminate infected micro-organisms when peptides from the microbial proteins are
bound to HLAs in the host cell surfaces, It is known that the more stable the binding of peptide to HLA is, the stronger the T cell
response gefs fo remove more effectively the source of infection. Accordingly, if peptides (HLA binder) which can be bound stably
to a certain HLA are found, those peptieds are utiized to the development of peptide vaccine to prevent infectious diseases or even
to cancer. However, HLA is highly polymorphic so that HLA has a large number of dlleles with some frequencies even in one
population. Therefore, it is very inefficient to find the peptides stably bound fo a number of HLAs by fesfing random possible peptides
for all the various dlleles frequent in the population. In order to solve this problem, computational methods have recently been
developed to predict peptides which are stably bound to a certain HLA. These methods could markedly decrease the number of
candidate peptides to be examined by biological experiments. Accordingly, this paper not only infroduces a method of machine
learning to predict peptides binding to an HLA, but also suggests a new prediction model so called ‘knowledge-based genetic
algorithm” that has never been tried for HLA binding peptide prediction. Although based on genetic algorithm (GA). it showed more
enhanced performance than GA by incorporating expert knowledge in the process of the algorithm. Furthermore, it could extract rules
predicting the binding peptide of the HLA alleles common in Koreans.

= keyword : Machine leamning(7] 71 8H45). Genetic algorithm(-F-A AL 7.2] %), Knowledge based genetic algorithm
HA 7] FAAL TS, Rule generation(TF2 A8 A)), Prediction model(ell &2 ),
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HLA CHEIREIAt] CHet 28 HEol= o

1. A

rfu

HLA (Human leukocyte antigen)= AH&o] 7FA1 3 Q)&
T2 FolA 71 A’ o3 3 (polymorphism) S B.ol&

Aotk Z4E WAEANA FHid Hepol=5 719 T
Aol SFAA Al (presentation) O ZH HHW-S-S fF T

e 2102 dejA Stk o HLAC o] T AlZdl A
AEo] BARHEE fikdhs HEIEE T AZ J9E
2 (epitope) 2t FHTH1].

fr=(selection hypothesis) 3}, e}
ste] HAE I ©ld Fo A
S-S fishe el =g wEsAY, &

A B YoM 2 wdsts duld
< FEstE HEol=E A2 F 9
& Hepol & WA T A FAE AN
2, 3]. 28 HLAY 23 = Helo|l=g O
ul-- of2l& EAolth uketd (2¥ I
Tl o) 20%%F processing® 2, T F 0.5%7}
HLA BAlcefyel A=A, = 1 F ikl CIL
(Cytotoxic T cell)ol] ¥H-5-3h= AL.Z &eA Q7] uj&olt}
[L, 3]. 2= 1/20009] o] =7} WASHY wk3AS e}
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20% processed 0.5% bind HLA 50% CTL response
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Antigen processing HLA binding

T cell repertoire

(2 1) From proteins to immunogens

ofr

wehy 2ol 1A% L ol §3ke] 54 HLA
dF A 2 15 Weol =g A3sT o3
Aefol =g 7uko 2 AW oA AFAT} Ak

o] = ¥ (synthesise)?} A @3l oF & FH bindersS]
ZanNA 74 v gS g8707 Folua 3
Hol Al=H I T3, 4, 5.

B =294+ HLA 2% HEol= d=E 43 714
5 4SS ol &% WHES sy, AF7A
HLA 2% 3Eglo|T oS ATH FHo| e Y

YFO 2 HLA i -F2A el tigk 23 seto| = 13

F23th ol AF7AA A2 dFAEd i A=
ol g3te] & mdl g THEY, o]
B 773 % €38Z(Ordered Attribute Search, OAS)
FE% T O - AEE ol
e AL Z 273
24 o thokelal H 33 binders YA

KBGA)©| gt AQketth T8]3 A& 70 fAALE
Z2 o] &3ty =9l Wi HLA tR 347 5 HLA
class 9] HLA - A, HLA-BolA 5% ©]49] & s
HolE A*402 (22.5%), A*0201 (15.7%), A*3303 (14.4%),
A*1101 (11.0%), A*0206 (8.9%), A*2601 (5.2%), B*5101
(12.1%), B*1501 (8.7%), B*4403 (7.4%), B*3501 (6.6%),
B*4601 (62%), B*5801 (5.8%), B*5401 (5.0%)] A% ek
OEE d &3 73S &AL FEH B 1HS
o2 7As: daEEelA BAEA g teksln
2 A9 N2 73S st

Hir o

2. HLA 23 slelo|=e] 733Z 4y

H 3
TET

dA dEA de dF=de HLA dEHdA
7733 39l 309 S Ul o E F435te] HLA-A, HLA-
B g-F4A NI=E FE3I%TH7]. HLA-A S 32t
T 22%, HLA-BE 41%°] 545 %U=, €9 43
A ¥¥3LS 77 HLA-A 113 HLA-B 29%0| ]t}

HLA 2% Jelol= dF 2dg THE7] f3 Aol
AL&3E 8k<5 HolE]= SYFPEITHI ©l o] Bl o] 28] A
75370 %|Elo] =9} MHCPEP © o] E]H] o] 2~[9]9l A1 4,53971
Hepo]| &t A AT

SYFPEITHI H|o|EjHlo]~E= =202 WMiEH AL &
o] % natural ligandell T3+ HEfo] T A EFFOE WHEo]
X AolBg & o FdY Aozt & 4 9k

Ao A= SYFPEITHI H©]E] o] ~9 MHCPEP ©
oJE{ 0] 2:9] binding HEFO|E H OB & A3t <5
A71a, 7t wlo]Euo] 2o E3E = thE-f-AA ol thsf
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KA |8 SERLTES 0183 B1R0! Bl

v 2 #7133t} Non-binder= ENSEMBL H| o] & o] 2~
SHE dids P92 FE5t A 72 A2
ol HLA 3JEle] & dojEjlo] 20l EoiE MBS
R A AT & AFE3F 3, binder?} non-binder?] 1:2 H]
£ 2 176471 binder?} 35287} non-binder$! ¥ 529271¢]
Elo] =7} 8ol o] &t

rek

2.
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HLA Z& ZE0|=9| T&l-motif

i
ac

Uit o2 HLA class [ 22| A$-ol= H 9719
ofrl=ite]l  EAlclefyell &1zttt olwf IElol==
HLA Ao “&5% 32" Z 3 (anchorage)©] ©]F0]
Aed, 2 A= AY GASA 28A obr] = AkP2) Tt
carboxy-terminal PC)¢) A 0.8 <& A gt} 4714 pE
cdass [ EAl Afate Hepol= oA F HA 249
ol At A& udty, A $A Helo|=9
carboxy-terminal o A A Yot o] F P27} A uiel
A ARG YAE e PR dojdthad 2).

~= Hvdrogen bonds with—
MHC molecule

(T2 2) HLA class | ol Zgt=l HEO|E ZAZ
HLA A3 Hepo] 2o A AFEE = 74 &, motife f

A 71%5S FATAY BT TRE o]F7] A

MEe] FEHQ BE Y e MY Hio] Fhite

e AL e vt

x-[RK]-x-x-[RH]-x-x-x-[L]

9ol AFA1L HLA-B*14 AL 2] motifE Ve A0

2, X9 o= oot 2o

x : 999 oAt 27 (residue)

[RK] : Arginine®|t} Lysine obv]=AF 271 & sty
[RH] : Arginine®]\} Histidine o4t 7] ZF skt
L : Leucine o}7]x4t 747

HLA CHRIRERION Tt 28t BEfOIS of%
ol2]g HLA 2% 3Eto]| =9 motif 8- FAAL
neZe) YAAE EdekE 2710 G435} SYsih &

Q)
tpE)Ze] AL 270 FHEEH, 47

TR
SOt A7)k FH7) 5 Polel obrlmat 7))

2 7g°|sto] HLA binding o] = H-E £HAT.

ANFANATLE o] gt HLA AF HElol=2 o=
ste FAdAE dE HolHE A8E+E  binderst
non-binderd] o}u| =4t ZHZ+-S 20bitE Sl1FHEHA HAck
|5=A4F 1bit §F 10]a U™ A] 19t 0% FEE
3t} 2, Alanine (A)E *1000000000000000 0000’ L.
g5 0], 9 merd] 7% & 180(=9x20)71 2] % & (input)
£ Zteth5]. 283 1~1070Y &Y e AES
1 713 €& 235 2 4709 &Y =9 HLA
binding &2 2~(binder: 1, non-binder: 0)& T-&3l= 1712
Z%(output) ==5 ZHETHIE 3).
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A7 [E FEAILTZ|ES 0|25 Sh=0l HIgt HLA CHEIRAXI| Cish Zgt HEl|= oS

H #4& F&3te dFE0 BRuHI o I F9 motifel] B & H& HE A& F /J\ £ 54t o
31371 OAS (ordered attribute search)&312] %] TH6]. £ E°] (& 3)& HLA-A*0201°] that PSSM<I U] matrix®]
& Tl 259 A% W] AEd ~FL«] HEE 5

2.3 X|A]7|4 EXtATE|E 3 SdRo] JHA AEE=E o] &afof Tt dF 59 1
oAz T ZL 27 7H:<1|7§‘:1' W A9 alanine (A)°] &= 79 -14959] e THA B
e A H(nitial. population)] k= 0]% Fr=2 Wy 915+ exponential -5 A&
VE_‘Z]'HH%]:, T2 M BH(coding) 5 ALA AAB=A 7} i 3m 02242 WEE & 9T} [e=0024]. O BA (E 3)S
G F83H], ofH 7R o] o] & BHH YA w7 W BT WMEe oo 2 A2 e o] fate] S0

Foll MAALe] Ao g&ste Aol gtk Jgx =
E dAstEo] W (random)sHA] Dojutr] w&ofl, ojn] A
S F8 A So] FEEHA = wFo] SlThi0]. ut
A FRALTYES o AES A8 E&FHoZ &
£317] M E AL Zd AEEH A4S A
EA7IE NZE AE7F dasit

£ =74 HLA 2% JElol= HEE OAS ¢l

NAZ ’\}% & 2= 9lt}, 138A 9 2079 ofuA &
AN BRsHA Yele] ofrlimato 2 WPk Aol ok
2}, 92 binder 597} T =& HEE EdHo|S go
71 A binderg 2H-& &Eo] 2 912 9] scoring matrix T
g EoAA "t

(&% 3) HLA-A*02012] PSSM
gFoll #gste] 27] WA= A3k, PSSMe o] A R N o c
st oju] - Ake] 2 Eof =quo] 4 Hg aa

z %} 131}61%440]74 o i];lli% le] i ] P 1 | 1495 | -1083 | 3268 | 6993 | 5672
: = 2 | 518 | 6546 | 7537 79 594
SlaAc) %(knowledge—based genetic algOI‘lthIIl)O]‘j/]‘ sit}, 3 1.653 6084 0625 0932 4561
2714 FRAAG T EZANAY AAEHLS & & 4 0233 255 0223 368 2691
o] OAS €N FOZHE “if M@P2 and V@P9 then 5 0.456 22353 -1.165 0328 224
binding’0| 2= FHE 23190, o] (1Y 49 2 6 0183 | -4935 | -1439 | 2314 | -2294
o] MreRRVP R QlTYste] ST ofmicabyl o 7 | 0802 | 5104 | 0745 | -L178 | 3143
(don’t care symbo)E %7 7] AAAGE HAZTE= o 8 0.527 -2.046 0.15 -4.452 -3.716
JE] SAAGTEZ 2 HoHolth. = AAZ TA 9 | 0067 | 704 | 7545 | 7803 | 558

. e a.a. Q E G H I
Qiﬁ zoﬂ O(L}M} ]L Ak ;i(gont Ce}r]eo]symbd)? 1| sam | 629 | 1494 | 3323 | 1891
REAE QgAY FEd <L domain 2 | 0148 | 693 | 7957 | -6958 | -0.14
knowledge s ©]-&-3H0h= Zloth 3| 102 | 595 | 282 | 2136 | Lli4
4 | 0468 | 353 | 0495 | 0082 | 632
E:xlreaction Domain-knowledge 5 -1.171 -0.066 0422 1.443 0.083
@ P 6 -0.718 2.9 2508 | -0.364 1.876
v o ‘ O SINER 7 0341 | 0974 | 5031 | 0762 | -0.665
8 | 0256 1 476 | 042 | -1666
*® 9 | 6693 | 1 2093 | 2656 | -68%

My aa. L K M F P
| e I | 1261 | 0458 | 2146 | 5205 | 7a2
T 2 | 5337 | 6603 | 5163 | 4431 | -7.398
(8] 4 Sl OASOIM 255 domain knowled 3 | 0827 | 5313 | 4237 | 2488 | 1366
=4 mEs Y TEES oe 4 | 5788 | 1677 | 3271 | 263 | 2448
£ o8¢t KBGA 5 | 0455 | -LI91 | 003 | 0566 | -3076
6 | 2225 | 475 | 078 | 1324 | -00%
T FAHOlE 927 W position specific scoring 7 1278 | -4021 1226 3125 2873
matrix (PSSM)Z 0] &-3}o] ofu|i-2ke] 9139} F 7ol u} 8 | 04 | 1666 | 1112 | 1606 | 2971
2 Solwo] A Ae$L Fel$O M HLA binding 9 | 2656 | 6852 | 2582 | 50711 | -7.101
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Al thet Zet HEOIE ofF

aa. S T W Y A\

1 0.029 2.169 2477 4.955 -2.162

2 -6.417 -3.863 -6.405 -5.692 -1.767

3 0.796 2.155 1.901 1.864 -1.729

4 1232 -1.244 0.078 -0.909 -4.081

5 0.661 0.093 2,659 2797 -0.274

6 -0.178 0.564 0482 0.723 0.823

7 -0.628 0.769 3.524 2.441 -1.481

8 0.404 -0.204 0.926 3.378 -3.245

9 -5.748 -3.842 -6.9 -5.901 5.257
a.a.. amino acid

olZl g AN FAAL LSS VNt eE & o
Bde 7]EY AFAUAERE Ve R A" Net
MHCpan? NetMHC Bt} %+ 20% T £ J&5&S o
R QUTHLLLL
3. 4943 2 A4Y 7o) A%

B =R HLA A% HeholS o 71 44
7] 93 AL o2 FAALTEE A4S A =S
Jela faAgeE 271 AT g3 AW
o] %Q' 7;:_1233}_‘:5]] o] ] g;]x;] ol L= /\ggzﬂx% Z] Al
(domain— knowledge)g o] 83ttt o] ‘33} 22719 4

AYNYFE AT AS, G ANEE vtk o o
FoL AYD 7L FEoe] 952 dZ 5L
BRI ole d3ge A% BtE B AT 5

AATE HLA A3} 712 9] o S-&(PPV : positive predictive
value) S Ther3t 2ol A st

PPV =
num of true positive examples
num of examples matched by the condition part

TP
=X
(TP+ FP) 100

HLA binder 93 23 22 7§+, binderst
non-binder FEE o] &t} 3=, AdH 2 o] 9
binder’} oFd Aol gk negative (non-binder) T2 ©] o}
d, 9 binder1 A o tht positive (binder) T2 ©]7]
o, 74 452 TP (true positive)S} FP (false positive) =
WAt s Wt wEkA o] ASole A
7} ARE PFPE EANSAY £ PPV (positive
predictive value)Z YEFATH12].

o] 714} TP= MHCPEP, SYFPEITHI DBl 4] 73} binder
7% 02 #2591, FPE ENSEMBL DBell A binder
A st WF3HA F3F non-binderES 7]F0.2 A9
sttt
AFAIZAE-E dlo]E] A9 sizeZ} 207) o4 w] 2
nd AFE HolthE Pierre[4]2] AAZA | whal, size
& A5} 3-fold cross validation'H-& AF-&-3}
S%‘iy_ 27H %E—:‘,iy_ 17H9] T

=
=

=
=

7\*471‘1‘& A s 71Ags el
© HLA A% 73] A2 F&3A o et e
APgHoE ¢4 9l& HLA Facts Book*
|aste] AFstqint. 1 A3} A 475k faA gy
A%t 7122 HLA FactsBook®] motifE &
F E3BEIL 9Ol 4), KBGAS] HLA 2 13 0] 2A|

AHTbssithE AEAdE elatilth =3 KBGAE &
3 AEA 2HE 2L FEHoE FASATHE 5).
(F 4) HLA-A*24020f| ChSH 2 721t PPV
Classifier | Positive Rule Motif | TE/FP (PPV)
Far2 *peeees | 16/5 (76.2)
1@P9 weeen] | 0/5 (80,0)
Factsm“‘Bo‘ok Fa@Py weoenE | 14/3 (824)
Yar2 #yreeee | 4615 (90.2)
Y@P2 A L@P9 | *Yx | 28/2 (93.3)
OASYALEZE | YAP2 A L@P9 | *y*+L* | 28/2 (933
Far2 e | 16/5 (76.2)
A2 7uk 1@r9 s | D0/5 (80.0)
$AA FaPy e E | 14/3 (824)
gnE Yar2 Fyreee | 4615 (90.2)
Y@P2 A L@P9 | *Y*1x | 28/2 (93.3)
(% 5) HLA-B*51010]| cHst 2 &zt PPV
Classifier Positive Rule | Motif |TB/FP (PPV)
HLA
FactsBook 1@P9 ]| 20/2 (90.9)
OASYAEZE | PAP2 A 1@PY | *PH+1 | 13/0 (100.0)
2276k Par2 #peeseet | 04/3 (88.9)
$AA 1@P9 o] | 00/2 (90.9)
S3EE | P2 A I@P9 | PR | 13/0 (100.0)
* HLA FactsBook> AJES A4 8-S T3l #ddl #xd

ATHEL $9% 202 HA HR4) Bt 15 A4
2 FUSHo] HLARORIAE Wabibash 2e arjoltt

el

b= QIE{Ll HES| (13743)
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A7 FAAL T ES o] &3t HLA AY e
o] =] ‘if-then’ T3S % A7} HLA A*240290 A ¢
284 933%2] “If Y@P2"L@P9 then binding”$! 7+2&
=3tk o] 1Y ulE HEto]=d 28 A ofm| it
o] “y’o]xL, 9W A ofmizato] o] W HLA A*2402 EA)
of Attt Zoltt. o] A% 182 motif FHEE &
A& 4 e, 98 59 Y@P2 "L@P9E motif 40
B FHSIY wyrmrer o] FTHE 4). 9 7|AISE
o2 A4H 7 E FolAl domain knowledgeE ©]-8-3514]
8L, ikl FAALEEY FAHAES BT d5E

(PPV) 75% °l3tA (3 42t (& 5)9 £FH A 3t

(Z 6) aF=2l vlgt HLA-A, -Bol| Chst Zst HElo|= (of
Z2 90%0(4h

Allele (Y1%) Positive Rule Motif
A2402 (22.5%) Y@r2 N L@P9 D a1
A01 (157%) | L@P2 A~ VaPy |  H[LI*[V]
A*3303 (14.4%) R@r9 i ||
A*1101 (11.0%) Ka@P9 wekek K]
AY206 (89%) | V@2 A V@P9 | AVFV]
A601 52%) | V@2 AY@Py | VY]
B5101 (121%) | P@r2 A 1ap9 A[Pp= 1]
B*1501 (8.7%) Qar2 N Far9 HQJF**[F]
B*4403 (7.4%) E@r2 ~ FaP9 HEF{F]
B3501 (6.6%) Pap2 e
BH4601 (62%) Fap9 e[
B'SS0L (5.8%) | S@P2 A WaP9 |  *[S[[W]
B*5401 (5.0%) Par2 e

(% 6)2 39 Wk HLA thg -2zt thak 2% 3

£ WIS Hol: HLAA 6%

HLA -B 7894 2% 732 ARG Aolth. A 474t

ARSI F] motif 71 of - AEshEopel] U4
o

A A go] FFeHES A28 0% oY NES F
v g,
4.2 £

ALY S g A=l 32 Foverfitting) =
A 7] vl 2 ZA e 2xE fEs

7 Ao, EE fEe A 9T 5 W HE
o #4& 28 5 e FHol ok
FAALRFE o] 83 AT Aehol= FH 2 3
H 7kEA olwe 7|53t ofu|E 45t 0134% A
A73moll} SVM 2Tt HLA binder 22 o8] 9} 34 &
A 7)1 A% PHOEA B FHold Yozt & £ glTh
A7 fAAGRFAN AYE A He
motif HHE2 EAHEE, o] motife] 2= A

A2 st & AAE GA olal & 7 U=EFE =9
71 mebA 9 - AEsHEole] A A gol 7hssitt
= o] Ut

2 =2olAE (1) HLA 23 fEtol= A RS 0AS &
1YEFd FRAYgnE S HE8AA HLA HERO|E b
o] A% A& BAFAIL (2) PSSM (position  specific
scoring matrix) S FAAGLEF EUHO| Aitel
ST zA AGF 5 Fe 7ol FoHAA sHiTh
=EZ (3) AR FAA P%ﬂﬂﬁﬁ o] &ste] =gl Wl
W HLA tg-f387kel tisl 90% o9 2% HEtole

TFAE AP ol AL % ZP%}ZE]Z«I Z27] J
AAA oH SFHEE GRY=A Y] AFI}F Aof
2 9% Foe 7/4\3} =%o] A #af 71E A
&34 A4E o] &3k Aol AF AFPAE ¥ =t

o]t}
A A J(AgEX4EEL24)O] 71
2 dzse Ae A2 Fes gRelAn 9
‘Immunoinformatics’ 7]9] shitolth. Tt o]t 7
M AY HolEe REoz ] ATANNY 4E
34 APS del AT S QAT B4HA A

Yol 48 ALZ $F3, ATAZ 1T % o 4
& APl YFAA ATAY G Ao L A Ao
ook AHE RS moET 42 o884 ol
WEYH A5G| AAHOE FHH T Qov, o2
0% LEHOE T 4 Y ARRRNA Y w
WA BASI Qs He nelshd HLA A% ekl

g AZst Axde $F A%AN B FEEof

i [
2
oL
©
:L

HLAZ} Y1&ultt A2 o2 E4& 7FA 3 7] W&
of F2AS Yo & Hepolt AF A= WEA
A& g ojol 3=, o} 7R T AE o]d AT} Al
P= A7) 9tk 281 HLA-AE HEelo| &g o =3}
= A ZH[3, 512 &5 3904 JEE b 9l o) HLA-
A% dF A& FEshe A2gE ofd Hag upyt
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X|A7|8F REXLTEES 0|26t =01 HIL HLA CHElRHAo| Chst Z8h HEOIE oS
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