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Mojoj nopoduuu



HacnoB macTep paga: Pa3Boj Beb annvkaumje 3a npegukunjy n metanpeankumjy
T-henujckux enutona

Pe3nme: VmyHomHgopmaTuka (eHrn. immunoinformatics) je gucumnnauHa 6mo-
NH(OpMaTUKE KOja YK/by4yje NMPUMeHY pavyyHapCKMxX MeTofa Yy pellaBarby UMYHO-
NOWKMX npobnema. JefaH of M3asoBa MMYyHOMHGOPMaTUKe NpefcTaB/ba NpPesuK-
umja T-hennjcknx enutona. T-henmjcku ennTonu cy BP0 3HavajHe cynctaHue (rno
CTPYKTYpPU NPOTEMHKN), OArOBOPHE 3a UMYHUTET opraHuama. Haume, enuton je Aeo
aHTUreHa, a aHTUreH je 6UN0 Koja CyrncTaHua Koja MOXKe Aa M3a3oBe MMYHU OAro-
Bop. [lakne, enuUTON WUAN @HTUTEHTCKa AeTePMUHAHTaA je CTPYKTYpPHa KOMIMOHEHTa
aHTureHa (H1U3 aMMHOKMCENNHA) KOjy Npeno3Hajy hennje MMyHor cuctema, HapovnuTo
aHTuUTena u peuentopu Ha B-henvjama n T-henujama.

MaeHTunkaumja enmtona, NoroToBO OHWX KOjU CY KapaKTePUCTUYHK 3a TYMOp-
cke henuje, of KpyuujaniHe je BaXKHOCTWU Yy AM3ajHMpary BaKuMHa M NepcoHasv-
30BaHOj TYMOPCKOj MMyHOTepanuju. EKcrnepumeHTasiHe MeTofe 3a Mpero3HaBake
T-henujckux enutona cy BeOMa CKyrMe WU BPEMEHCKM 3axXTeBHE, LUTO je YCN0BUIO
noTpeby 3a pa3BojeM payvyHapCKMX MeTofa 3a HhUXOBY MpeanKLuunjy.

MaBHW UMb pafa je pa3Boj Beb ansMkaumje Koja KOMOWHYje HEKONIMKO NOCTO-
jehux npeamMKLUMOHNX anaTa Koje KOPUCHWK MoXKe Aa Mokpehe ca >Ke/beHUM napa-
meTpuMa. Kao ynas, Be6 annukauuja KOpUCTW NpUMapHy CeKBeHLY NPOTenHa, a
Kao 13na3, Ha 0CHOBY oflabpaHor nNpeauKTopa, NpuKasyje Koju cy Aes0BU NPOoTenHa
npeno3HaTn Kao enuTonu 1 ca KojuM CKOPOM. Y OKBUPY BeO annunkaumje je Takohe
NUMMJIEMEHTMPAH Y HOBMW afaT 3a MeTanpeaukumnjy enitona.

KrbyuHe peun: T-henujckn enuton, NpeavKUMoHa MeToda, MMyHOUHopmMaTuka
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[naBa 1

YBoa

HayuyHa 3ajegHuua je npensiaB/beHa OrPOMHOM KO/IMYMHOM OMO/OLLIKMNX NnofgaTaka
N3 pasIMunNTUX BMONOLWIKMX AucumnavHa. Kako TexXHUKe CeKBeHUmpara /byOcKor
reHoma HoBe reHepauuje (eHrn. next-generation sequencing) CBe BULLE Harnpegyjy,
TaKo Ce Haromuaasa KofMynHa JOCTYNHUX MHopMaLMja 0 JbyACKOM reHomy. Te UH-
thopmavrmje cy of OrpOMHOr 3Havaja 1 3axTeBajy HanpefHe padyHapCcKe airopuTMe
n anate Koju he ux obpahmeatn. WM3mehy octanor, 1 nmyHonHgopmaTuike 6ase
nogaTaka ce KOHCTaHTHO yHanpehyjy y uwby npunarohasaka 0BaKBOj eKCNaH3nju
nogaraka [20].

MaBHM UWb MMYHOMHCOPMATUKE jecTe Aa pasyMe U opraHusyje Ty OrpoMHy
KO/IMYMHY nogaTtaka ciy>kehu ce mateMaTUUYKUM U pavyyHapCcKUM MeTodama y by
fobujarba MMYHOJIOLWKN CMUCNIEHNX UHTepnpeTaumja TUX nogataka. Te padyyHapcke
MeTofe 6a3mpajy ce Ha CTaTUCTMLUM N MALLUVHCKOM Y4Yewy U 'Y CTawy Cy Aa Mofenyjy
MOJIEKY/IapHe UHTepakLuuje N MexaHu3mMe UMyHOr CUCTeMa.

Y pagy he 6UTK peun o je4HOM 0f U3a30Ba MMYHOMH(OPMATUKe - NpeanKunju T-
henujcknx enntona. EnuTon je, Hanme, Ae0 aHTUIeHa U310XKeH Ha NOBPLUNHN hesnje
Y KOjOj Ce Taj aHTUIeH CUHTETUMLLE U KOjW 3axBasbyjyhu CBOjOj MO3MLUMNjN MOXKE BUTH
npenosHaT of cTpaHe henunja UMyHor cuctema. Ha npumep, CeKBeHUMparem reHoma
YoBEKa KOju uma TyMop Mory ce fo6uTtn nHopmaumje o mytaumjama crneyunyHnm
3a TOr 4yoBeka. Ha OCHOBY HMX MOXEMO [0OUTU MHOPMaLMje 0 aHTUTEHNMA KOju
Cy N0 CTPYKTYPW MPOTENHN U KOjU HACTajy ycres TMX UCTUX MyTaumja Koje cy y3po-
KoBaJie TYMOp, @ caMUM TUM W1 O eNUTOMMMA KOje UMYHU CUCTEM MOXKe a NpernosHa,
a 3aTUM 1 YHULITK TakBse ,JoLwe hennje”. 3axeasbyjyhn nHopmaumjama Koje goou-
jamo CeKBeHUMpareM JbyACKOr reHoma, eraoma n PHK cekBeHuupamweMm, moryhe je
ca Be/IMKOM npeyunsHowhy 4obutn nHgopmMaunje o TakBUM enmuTonmma.
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Ed = [PIIM]
[PM]

Efifioaioa aeRioejaceja fa ecdaseada 6 leadeia (molil) & Taalaada efivai-
oBateje eeaaiaa (6 1aii fie6+ajo iaioeaa) ide &ijij ja elivaiodaseja idlodeia
(MHC iigdédea) fa aacaieéi iaieoeail jaaiaéa élicaiodaceje MHC iieaédea
aac aacaiia 1dioeaa. @of ja éiifioaioa aenioejacejd ia»a, ja+e ja adeieodo
€ciacto iaioeaa € MHC 11edéoea, 0j. aafa ja élivaiodaceja éiieaéna iiea-
aoga PM] 6 Taiifi6 1a eli6ai0sa6e]a ijaacia+-ied AGIfoaioe [ . ia



i0dilciajo 1aaéad aioedaia e
NooG&eja 6 iiieda»ed iad diaeia iléacsjo 86+i6 6&1as idiaioeddia 6 0o-
foddaieje. [ajitagja 0aoiieiaeja naéadivedara §6anéia aaina
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eée idiled8al) 1adacaia aieiiéénaeeia ia iaéij iiceoeje ia adceda»a ofa
idi0eaa ca 1adacdieé MHC iiedéoe. Agdiseoie éije éi8enod éaaiogoaceaia
iaodeda aaea ioioael ia i0déeaiajo£a 60adiaioa (iaioead) fadacaia adeeeia
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AEAAA 3. TBDAAEEOEIA 1AOIAA

10 7 XAr7~v A O N o o
laddiinéa idasea

i&0a1ined i0dzed (&idé. arti cial neural networks) 1844fi0aagajo iaoia ia-
peiféia 6+a»a Ailitaai 4a oi+e ideeidaaiifioe 1a¢o maaoeia. 1id 1140 aa

laoia 1oiidied aaéoida
14074 T0iTdied adéoida (aiae. support vector machine}ja jig jaaai 1a ia-
Olaa iaasedaaina 1ageinéia 6+a»a na jaéli noaoenoe+eén Mitall. 1aaj 14014

Fa Bacaaajajo idaall 6 434 GA0AAIOEIA, A a8l A6 1a6 iDAANOAASAIE 6aT 0a+84 6
aépAatidiceiiasiii i6Tn0T06, Tiaa A odA4iAa 5e1ad0aAaT &lja £4 &0 Sacaal-
je0e 6 BadAAIBEjA. (1A TTaace RA 1Aiedaj6 6 i5THOTS efoed asidiceja éal &
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A8aaa 4

fia
40e8aniino 6 1ddaaéctar»o ifaed MHC-I/ididcéa foddéodda, 1aiiiil aieolia.

4dea ia 434 addia: jaailaeaenée (diae. allele-specic) e aegaacaenée (aiae.

pan-speci ¢). 184é Na T4iiia ia 1ia éia éijed ja i1adé odaiedai idcaaeni
faaée HLA aeaé. Oaaéae idenodié no iaidagoe~ie
a

MiETR, jA0 N1A6£aA4j6 15&4SE6&}A ca fiad Tl
& 114 ca &ija TiRoTje Tadaie-al 431j 1420264 1 A4ceaard fa Taioeasia eee &5
figod faia. O 1afoaads £& 40 430 1034644 Taeiees asada ca 53488686

JOT T
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adbeeeid 1a 8-14 aiéiiéenaeeia, ace 0d0ada 6caoe 6 1aced aa NAMHC iieaédee
6aeaaiil aiadt adcojo ca 1aioeaad adaeeia 9, aié 19aaeéseja ca 1aioeaa éije o
a0see 14 11 ajeiiéenaeeia 00aaa 6caoe fa dacadaii. 14014 éidenoe aéfniddeiai-
0aeid 1Maaoéd ec IEDB aaca (iigiace aieoiié e »ediaa nééfiiioe éa aaceaa»d
fa ficiadel HLA oeifagia) @ SYFPEITHI &acA (&ie&éoeja MHC eéaaiaa &
iaioeaied 1ioeaa éaéi ca §6anéod, oaét a €0 aofios). Odaieia ia-
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sAA N

Bindlevel 1iéacgoja ia jaéa/fieada aieoiia.

Nz A

1 Néo+ajo fai

4.2.

1 >sekvenca 1

2 ASTPGHTIIYEAVCLHNDRTTIP

3 >sekvenca 2

4 ASQKRPSQRHGSKYLATASTMDHARHGFLPRHRDTGILDSIGRFFGGDRGAPK
5 LVSVKVSDDFTIAAMRPSYLSYEDLDMTFVENEYKALVAELEKENEERRRLKD
6 IPQFASRKQLSDAILKEAEEKIKEELKAQGKPEKIWDNIPGKMNSFIADNSQ

Eia 4.1: FASTA 618iao
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AEAAA 4. TBAAEEOEIE AEAOE

1 ILYQVPFSV
2 WMGTLVAL
3 ILDEAYVMA
4 KILSVFFLA

A s

k
Aa alaot adeed ja 0,5, &ié ja oa adaieda ca

4.2 NetMHCpan

Ca iajaafe 481 HLA asaea & 4383 & |
aaceaar»0. NetMHCpan ja aeao &ij
i 82668 ~&ja jA NAGAAIDA |

e

la neeoe 4.2 idééacai ja ecéac é¢ NetMHCpan-a [adaiaode ca iiédaoara
NetMHCpan-a i efioce éai e éia NetMHC-3, ifiéi g0

daae iaa weoei fnedili HLA oéilaa. Ecéace na 1146aadajo fia éceaceia éc
NetMHC-a.

4.3 NetCTL



fiafaia eeieja & écéaca é¢  NetMHCpan-a

i0aéa. 1aaa ja ilaoLa ivaaeéoej
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NetCTL eia 43£6 16aaééoelio it 1a

ifiaiéoed aéaoa [17].
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NetCTLpan ja 6iaidacaia & idipedaia addceja NetCTL-a. Ec¢ 013 dacéida
880~ je aeao éijé i6aaaeca aieona
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ca 16aaeéoejo adcedara 1aioeaa caMHC 1ieaéoe éeana | éideno

iae ai imoaioejagiia acaeoéa 6 naiceoeaiifoe (idiiioveja iiceoeaied endiaa
0

élje fo éioaéoil eaaioedeéeaaie éal oaéae, iid. i6idaiao aieofia éije o6
810460i1 eaaioeoeéiaaie éar aieofie).

a
fia ca 15% & 40%, dAfiaeoeart [18]. Naa i5a061aia
511 42 4004 15348608j6 A&ceadra 18i0eaa ca Ad&T
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lafaia éeieja é éceaca é¢  NetCTLpan-a
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jafaia éeieja & éceaca é¢  PickPocket-a

aBR04. Taeita AA Teact eal A06T 51a6M0aT 1401 6 fie6+ajaadia 634 jA fiee=-
ifio 14614 a1 MHC 11e8868a fia MHC 1ieaécseia ca &fja fio iiciadd Ad4a-
fifioe T A4ceadrs ca TAIDEAA 1482, ca GACEREs 14 13014a &je 11-8aaj6 fa fa-
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jé éliaeioja PickPocket € NetMHCpan

da 1aadada iajaise aeao ca 1adacaie MHC iieaéde.
[a neese 4.5 iveéacai ja éceac ec NetMHCcons-a
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a: NetMHC, NetMHCpan e
fidéfadgja  NetMHC e NetMHCpan agaoa aaja iaj-
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a odaieia 1aacaéa. NetMHCpan

ja fléacal iajaiga 1aoodidiaifia éaaa fa aéenée fonaae aaoli aeaes iaéaca 6
0daieid neoio, aié éliaéiacéja  NetMHCpan e PickPocket aéada iddaaceeace
iI£ 144 Mjaaeia+ia agaoa éaaa no fnonaae oia acaéa 6aasgaigje [13)]. 1+eaeaail

ja aa ia
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jO aieeéaceja éidegLaija  Django web frameworK4] ~ejé £4 ideéac
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5.1 Django

Django ja aaa daaie 1éaed 10aidaita éiaa (dide. open sourcg & aifodiai
ja ifa ANA eeosaion. Nai Django ia &e &él 11a0f dac ad6aed idijaéaoa
104164i1a éiaa éal @of i Apache Python & PostgreSQL laiefai j Python

jao
idiadainéll jaceéod e idaoé MVC addeoaéoddd (diae. Model-View-Controller).
aifioadai & adc ia+éi. Django fidaaga aéoa-

fao ia 1iifail éldeegL£a»a e 1L16e€86+iifo éfiiliaioe, 4d¢ dacalij e ideivel

% aac ifiad8a»a . Django idiadaiddeia 1iado£aaa aa ecadaio diae+ajaia e +a-
fiod ddcaaaiinia adaegéa, éal gof 6 diddca»a SQL oieoa (aidé. SQL Injection),
yidaoa»a fiédeiotaa (aideé. cross-site scripting & 1ddaada 6iaédiiel cadoaaeia
(&idé. cross-site request forgery EcOcaoii ja néacaagéai, gof cia+e aa ja iiini-
aai aa iiaiana adeeée 1dano Taéia iinéiaa, aac 6adieeada»a 06ieoeTiagii-

fioé e iibgaaiiioe fiefiodia, 1a da caia ofda €i6enoa iiciaoe fajoiae éal ol fiod
Instagram, Mozilla, National Geographi¢ Pinterest, Bitbucket & iiiae addae [4]
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JAATA T4 656+76 fi0AadE 15e Bacaljo SideRie-6es aisesassja jAfoa dacaaa-
ja»8 faadeeaja T4 158¢AI0A68JA. O 1al &10&6M06 a86AIad jA fa ifadee Taal-
AT51If0e ECIAtH Sacee+eoed NeTjaaa Aieesassjd. Aiseeaseja ja 1Maasaia ia

Ny xAO

ia »e0 14aa8a dacee+eoad cadaoéa:
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146840 ia nitas 1MnoljaE4d  Django OBE é&fi
6 iafoadés. Caégo+aé ja aaDjango adde0aéoodo caidaal iieedli caaoe MTV

00086000811 (4ide. Model-Template-View). O iafioadésd £8 aeoe da+e
16 1dieanéa édic N0d6e06do idijagoa.

......

&l 434 nodaia 6 Django aiéeéadeje éije

i. Na& aaa noodaia e naa naadeedj na
aeaaod iadiaada jaaia  Python o
ije o addeienaie 6  views.py

index - ifaeaa éijé i6eéacoja iafnéiaio nodaid aieeéaoeja,

netctlpan -1 jé 16eéacojd netctlpan fi0daio,

netctlpan_rezultati - 114€34 éije ja caddaedi ca aifioad8a»a dacoeoaoa

iaéli iicéda netctlpan aéaoa,
netctlpan_instrukcije - 11444 éije ja caddeedi ca ideééaceda»a einodoé-
0éja ca iilédaoa»a netctlpan-a
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netmhc - 11a€aa éije ideéacoja netmhc NOdAI0,

netmhc_rezultati - 114644 éijé ja caddeedi ca &
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i icéda netmhcaéaoa,

netmhc_instrukcije - 11a€aa é
0eja ca 1iédaoa»a netmhc-a

~ A e N AN 7

netmhcpan - 114€aa éije idééacdja netmhcpaniiodaio,

netmhcpan_rezultati - 114644 éije ja caddaedi ca difidad8a»a dacoeoana

iaéii Miceda netmhcpanaéaoa,
netmhcpan_instrukcije - 114634 éije ja caddaedi ca ideéaceda»a ei-

-

A sAA s O sr AATN

pickpocket - 11a€aa éije ideéacoja pickpocketfiodaio,

..... O s AAs =0

pickpocket_rezultati - laéaa éije j

fA N AN e b N e NN N

iaéli iicéda pickpocketaéaoa,

caaGeedi ca Aif0aasara GAco80A0a
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AEAAA 5. TIEN AAA AIEEEAOEJA

A

pickpocket_instrukcije - 11aeaa éijé ja caaodeedi ca ideéaceaa»a ei-
fiod6éoeja ca iiédadar»a pickpocket-a

~ cAA s O sa AAr N

netmhccons - 11a4éaa éijé 16eéacdja netmhcconsiodaio,
netmhccons_rezultati - 114éaa éije ja caadaedi ca aifidaaga»a dacoedaoa
iaéli iicéda netmhcconsaéaoa,

netmhccons_instrukcije - 114€aa éije ja caadeedi ca ideéaceda»a ei-

.....

" metapredikcija - 1Ta€aa éije ideéacoja nodaid ca iadaidaaeéoe)o,
" metapredikcija_rezultati - 11aéaa élje ja caadeedi ca aificaa8a»a dacoe-
0aoa faéli ficeda aéaoda ca 1a0aidaaeéoejo,

.....

fAAs s O sr AAE .

korisni_linkovi - 114€aa éijé 16eéacoja fodaio fia

m/
»
w
p_)/
s
D
('ID/
=
Ry,
<
—
>0
o
>
g
(@)
(¢
(Y
=
=5
an
(@)
th
m/
»
m/
plt ‘E)o
Q.

3
>
>
o %

1 urlpatterns = |
2 url(r'main/', include('main.urls"))
3]

Y s O

Efa 5.1: Aétaaeie urls.py - 1iaj éijé ja adcai ca 6ai idijaéao
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1
2
3
4

D:

Djang £8 14240a0¢ 14313203j0£¢ 114644 ia Thila6 OPE-a é&fjé 16 ja 8-

' i éiaja anaia. OPE iadacas (diae. URL
javaeia 6idia OPE-a (iid. /main/metapredikcija/ )e I

fnéo+ajo Tl'éﬁaij daaoeadiei ecdacii. O 6dadiaioeia éiaas.1 e 5.2 16e éaga'T

urlpatterns = [
url(r'~$', views.index, name='index'),
url(r'~netctlpan/$', views.netctlpan, name='netctlpan"'),
url(r'~netctlpan_rezultati/$', views.netctlpan_rezultati, name='
netctlpan_rezultati'),
url(r'~netmhc/$"', views.netmhc, name='netmhc'),
url(r'*netmhc_rezultati/$', views.netmhc_rezultati, name='
netmhc_rezultati'),
url(r'~netmhcpan/$', views.netmhcpan, name='netmhcpan')

. .

Efa 5.2: A&l urls.py éiaa éfje j

by

addcaican

Qo

10 aiéeéadejo

1 Addaiod /main/netctlpan/, Django aeé
rl jad 16 ja of caaaoi 6 aeiaaéiel ii-

Aél 4é ia ideiad éiaenieé (;aoéa

C('Df

ddwada»eia. Caoei aé iagal |6|‘|éi§ééé urlpatterns é 7iaa aé égai daaii
daa08adia ecoaca éljeia no OPE-1aé 4aoeienaie & iléogadal aa iata ii-

o0daaeail il - é¢igja 3. Eada iaeca ia eeaia»a fia 0dazeaill aadani,
i 6 ol e6+ajé cia aa 0dadda aa iiciaa netctlpan() 1a0ia & aa aa ecadee ia
fa+éi ia éijé ja i0eéacai 6 6daaia ab.3
def netctlpan(request):

return render(request, 'main/netctipan.html")

Ei4 5.3: NetCTLpan i14éaa
A&l 4efiil fa 1aeo+eee 4a 0 iagel Macdaeia iegdil éia éije fa Taine

i aécaji NOBATA, fadooese aéfil ififtaie &iioaio 6a(;aaaja>a Raadeedja 1a



main aieeéaceja 6 éii A6 fidwodid HTML fodaid. 1ia 1644n0aagajé waasiia
7 &ljeia j& ida0dail aeél da+e & »e0 faaa iNaedae 11ao aa éioenoa. O 60aa-
e1az A jaaiinoaaai ifaeaa éije naif ai Aiaad6ja

iai06 éiaa 5.3 ideéacal |
netctlpan.html fiddaio. Tai

lidda HTML fodaia, ada aiéeéaoeje no 1ae+ii ioddaieé CSS 6ajeiae,
fidééd, JavaScript 4e4éeioded. Tie A& fiaod :
fia 6 1éaéa0 static 4edaéoidejdia, a éijé fa iagace 6 1€aéd6 main aieeéadeja.
a 4a 0aaé 00 0dada da odazee fdace+éa 6ajéiaa, enol
€80 4edaéoidejdia templatesoddaa aa 0dasee gadé

Django fa iai&oaf ia+ef

al g0l cia da 6aaé 6

NN N A e

.....

INA~MAXXN A A L
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