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Introduction: In recent years, COVID-19 has beenrecognized as a health threat. Despite vaccination,
peoplestill get the disease because the new variants have mutations in their genomes that allow them
to bind to host receptors and evade the immune system’s responses. Therefore, the main aim of this
study was to use bioinformatics tools to introduce a rapid and practical vaccine to fight against these
diverse mutations in different SARS-CoV-2 strains.

Method: To epitopes mapping, 32 different spike protein variants were retrieved. We then used the
Immune Epitope Database (IEDB), NetCTL, and NetMHClIIpanto predict T and B cell epitopes. The
vaccine based on protected epitopes was evaluated in terms of antigenicity, allergenicity, toxicity,
solubility, physicochemical properties, population coverage, and secondary structure with relevant
servers. Modeling using Robetta and docking with Toll-like receptor (TLR3) were performed using
Cluspro, PatchDock, and FireDock, respectively.

Results: After detailed evaluations, all the results confirmed the optimal quality of the vaccine.
Accordingto further investigations, this structure is similar to native proteins and there is a stable and
strong interaction between the vaccine and the receptor. Based on molecular dynamics simulation,
structural compactness and stability in binding were also observed. In addition, the immune
simulation showed that the vaccine can stimulate immune responses similarto real conditions. Finally,
codon optimization and in silico cloning confirmed efficient expression in Escherichia coli.
Conclusion: Based on the obtained results, the designed multi-epitope vaccine can serve as a
prophylactic candidate against SARS-CoV-2.

Keywords: Dynamic Simulation, Immunoinformatics, Immune Simulation, Molecular Docking,
Multi-epitope Vaccine

 Citation: Sarvmeili J, Baghban Kohnehrouz B, Gholizadeh A, Ofoghi H, Shanehbandi D. Introduction of an Efficient
Multiepitopic Vaccine Against Different SARS-CoV-2 Strains: Reverse Vaccinology. Journal of Health and Biomedical
Informatics 2023; 10(3): 269-93. [In Persian] doi: 10.34172/jhbmi.2023.31

1. PhD Student in Agricultural Biotechnology, Department of Plant Breeding and Biotechnology, Faculty of Agriculture,
University of Tabriz, Tabriz, Iran

2. PhD in Molecular Biology and Biotechnology, Associate Professor, Department of Plant Breeding and Biotechnology,
Faculty of Agriculture, University of Tabriz, Tabriz, Iran

3. PhD in Biochmistry, Full Professor, Faculty of Natural Sciences and Research Center for Biosciences and Biotechnology
(RCBB), University of Tabriz, Tabriz, Iran

4. PhD in Biotechnology, Associate Professor, Department of Biotechnology, Iranian Research Organization for Science and
Technology, Tehran, Iran

5.PhD in Immunology, Assistant Professor, Department of Immunology, Immunology Research Center, Tabriz University of
Medical Sciences, Tabriz, Iran

*Corresponding Author: Bahram Baghban Kohnehrouz

Address: Department of Plant Breeding and Biotechnology, Faculty of Agriculture, University of Tabriz, Tabriz, Iran

e Tel: 09144159661 < Email: bahrambaghban.kr@tabrizu.ac.ir

© 2023 The Author(s); Published by Kerman University of Medical Sciences. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cite

Y4 Journal of Health and Biomedical Informatics 2023; 10(3): 269-293


http://crossmark.crossref.org/dialog/?doi=10.34172/jhbmi.2023.31&domain=pdf&date_stamp=2023-12-21
http://creativecommons.org/licenses/by/4.0/
https://dx.doi.org/10.34172/jhbmi.2023.31
mailto:bahrambaghban.kr@tabrizu.ac.ir
http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

S S R

Kty Kl il Sl 50

PECXXT=TAF o o g o jlod o3 05
10.34172/jhbmi.2023.31

Ao Sagw gl 3 30 WoT )5 (gi sl W uSTg 3 (D s

V950 (5 5ol g 19 $SARS-CoV-2

Sl g 515 ¢ A0 o Todl3 B B pil *T 59 4kes” OLEL Pl ¢ Jwog g SNg>
V£ VAL Wl Sbpdy e 1E-VIE/10 e b ys e

@ 0l,8l ob jein gmmlinnSTg 3939 b ol o 4l CuoMw dine 1 orgs lgie 4 COVID-19 (31 cla Jlo 5> 1donde
ol g Gliee saosi S @ JLal )3 o it 395 posf ) (2lapiaa bl Fjgy lacdlly &1 K9 o Mive (g)lows ()
S)lpl SeS a4 )5 5 @ puSly S (Bpre adlan cnl Bua pere 9y cnl D B el s sl
Cuwl SARS-COV-2 Gilises sldigw ;> gaiio b yins cpl b dblio sl (Solo,stilan

(Immune Epitope Database) ;| s b bl calisee cobla VY Solul (p gy dasg ol (6o pduids jslatods 1 w9,
sog ol p e uSly s odliwl B g T Jsho laog ol cwiiw lp NetMHClIpan 5 NetCTL JEDB
g yo sloygpm b gl Sl 5 (inen (s ¢ 2liordd 550368 (olgd (o o ¢ aljCmlun (35581 i il ende bl
PatchDock Cluspro jl eslicsl b ey a0 TOH (TLR3) aws 05,5 L SiSls g Robetta S8 (gl Jdo b0 wy
A5 pll FireDock

e alde il ol yidn Gy b 3,5 b 1) STy Csllae ot @l ool (383 sl b)) ey 1S
Sk g )l Le (53,88 (Jige Sialind (gilodend (bl 2,15 3529 05365 9 STy (698 9 )l (piiSen g Cansl (o
S5 |y bly Lol by it i) (slagily 155 oo ySTy 48 315 L5 a6 st eyl 2 ogMle 05t 35 Ll 5

2,5 4, 1, Escherichia coli s )8 ole in SIlICO gjluans § 988 (lwaingg woles ;> bl

Pl 0aiiS (oS bl K lgie a4 Wlgs e 0di Shb L5 ol K STy ool Cand 4 s ololy :,_5);4%3
Ll Jos SARS-CoV-2

@l i puSly ( Jose SiS1y bl (il «Sloysiilgigen] ¢ Suolind (glwdnds (L051galS

Calides Loty g plp 55 THS o5 ol i STl &S5 b me . S g 13 (Gt codia B0 5,50 o313 S5 e 53445 OLel ol g il 0
doi: 10.34172/jhbmi.2023.31 .ysa-ar :(¥)\+ FeY Ko Caw 5 oot Sl y 55l dlome . s (650 52815 SARS-CoV-2

Ol o 25 o815 (65,5518 oSl ¢ AL (59550 5 53150 03,5 50318 (59050 5575 (s il )

Ol 5 e 5 ol 0555588 Sails ( AE (59505 5 6315 4 09 8 OLils 083505 5 I3 30 S35 655 Y
Ol 25 5 o1 ¢ (5318 5 ske ks S o 5 o ke odS1s ol ¢ gand e (6 S5 ¥

Ol 18 Ol o 5 ol Sl a3 Ol (59585 5 03 8 OLtils e 5SS 3 5 5575 F

Ol s o Sz e o8> (5 ) 5ol Dkt (S0 4055505 5mal 03 8 Slslil 535 pmal 6 7572 0

3545 OLEL ol i e Ok g8

P SIS 5 315 05,5 (655518 Sl ¢y o 3 a0l 1 gy T

o Email: bahrambaghban kr@tabrizu.ac.ir CANFRI0857Y 1 yled o sloie

Journal of Health and Biomedical Informatics 2023; 10(3): 269-293 YV


https://dx.doi.org/10.34172/jhbmi.2023.31
http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

O )Sed g (Juog pw

SARS-CoV-2 Gl sasgw 1y o9 ! Mo STy

gl 290 3 yud c3LS L plojen ol bogi gl
ol dej > oad pldl lacd i 5 lje (el
bl die; 3 g oS GV (Slesilyigel
©yge 1N SINCO Lol )3 jopls g slasslon dede STy
dazee odlitol Bua b (gaasio lidss e85 [A] Cunl a8 S
oo g dal )5 clag)s Wg (wgpats slagly
sl 3 SARS-COV-2 gy aids 2 jor0 slopysly
Lo Lol 3,500y cadllan cpl o 3] canl 0k plol ol
Solead g 31 S yia Mol gical (bl g JUyé
5l oslizul w5 SARS-COV-2 e socily g
Sl Gilwand 9 iludie Slojsilgisel slagby,
o S0 25 ClblB L @ (95l iz STy o Sk
ol Bun By p> sl dbg e (deal Slagiuly b olyen (i
ol cblis o gl W LI Sy S (B oS
Sle opl il laigw (0 2 (2 St b 4blis
(Logsl) s cladly 5l )l p dd> @ o cul
O3l ol a8l )5 A8 o oal8 1) rslio ol (slaguly
o prien Aislei oo 555l (e oS3 slagesl 5
aS )b 1y SUle cpl i oSy b duolao jd STy
92 2 g Jb 4]y Jobo o2 9 Jlygegn el Gl o

ilei bl By T o sls gl €95

(S ot P

Ao adigw Solew! g p g (2b5L
iz g TV Sl pldle sy bl
Wuhan-Hu-1 lacib,ly Jols oS SARS-CoV-2
B.1.617.2 (L15)P.1 (k) B.1.351 (i) B.1.1.7 {o]
BA.2 (05,Sel) BAL (09,5l B.1.1.529 (W)

(55eel) BA2.T5 (y9,500l) BA2.12.1 ((5,504))

{09,5el) BQ.LL (950l) BAS 9,51) BA4
B11519 B.11318 (s XBB.LS5

B.1.429 | B.1.427 B.1.2142 B.1.1.523
(by) B.1.526 (bl) B.1.525 B.1.466.2 (\skm))
B.1.619.1,B.1.619 B.1.617.3 (L) B.1.617.1
C.36.3 (1) C.37 .C.1.2 (5)B.1.621 B.1.620
3 pe 03l oL 3l g 0 R4 (B5) P.2 £.36.3.1 L
National Center for) (,sldcun; cleMbl L
zle 5, NCBI(Biotechnology Information;

doddo

9 ))fun SARS-CoV-2 U¥9x9 &9‘“" )] JLAA) Ay )1 uw
039 438 3l (gl Sl g D CoMw p ] ke @l
e 9 VA-0068 pé laglon 4 (Swwy yleys
Egome [\] Conans DA.\.A.AJ?JUMS)J lzb)9&5 )l LS)lf:“*é Sl
Mo grloss ol & S8 galen PAA I Ly XYY Lol &
Ol polyw 3 8 G £ ) G Sl 1 oS wlosd
Eord oloj 3l o ol glanylol bl paiomads Ailos g
OraSTy 593 3,klee VY1 i (glow ol ade  (amlianSTy
5 sl g)li8dol dila) & iy [V] cwl ol 5,5
o jards (b cpl b bl el bl ials ad 4wy
xS e gy 8L jelaie a4 la oI asldl (¢ly le>
V] cwslond 5% 9 anta Sloy g

P& sl HlBLe 5:Tey K (S) Kol (1550558
0929 3939 9 315 o 518 SARS-COV-2 g9 eaw
ol i)l s S o Juted |y liee Joko J3 4
$9) 29 Sl o LB el o (S5l Gl e
01555 b aS” 55l 3429 lmm] Sl VL L;L:buJbI O]
Obse (355 0391 1y (ACE-2) ¥ (il 3l Jaso o 51
b 3 S ey Cueal [F] e L8 bl Sl
sl Jlenl Gan K 4 1) o (olislen § cighs
03,8 a5 Sy (b g (ADS) 015 15 (cla ool ol
RBD o554 (2158 S0 0 o Jlg Jb ol b [0] e
.)9,\.:3640 UWW wl LQLJ“‘P &19}‘ )9): Axlowwo NTD 9
b Mad Bl Copw g bl pao b b jigs opl yide
sl Sae gl 5l oS Sl cplply sl a5 b
csor s ey ¢ ylee b Jolad eyl 0l pljcishe
L;lmbw) 9 O‘M}l L Olm}l )‘1 Jl.o.,u\ OLO} 0 stl“u;""‘ &léb 9
sy 4 SARS-COV-2 poiig s 5 555 g 45 2l
Sog ol e & oo Sy S o JhE oy )
g Jb )0 Gy a4 by layieil jo cadcbles
sSden (Glow cpl Copde D e (I Ml co i
2 il sbogal @ rote (V] Al asl
4 dlwlg MolS a8 Sy Slulre gl s i

02l oSSk 10 dgn g0 (slrosly ioli8l g ai iy (slae ol

vy Journal of Health and Biomedical Informatics 2023; 10(3): 269-293


http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

|§9.MJ D)LMS ng.ibb b)sb s\i’Y }ﬁ‘l?:

S 3, Coannt 9 Caodaw Sl o] dlxo

sl ¢l IEDB gNet MHC 11 pan 3.2 (cla g
HLA- Gilso ccla T Jols a5 bt 11 LoMs HLA
545 Limuie Nsd e HLA-DQ s HLA-DP DR
Sdo g wlelp o ol Net MHC T s [V#]
Olsis a an Vel i 9 Ve o i & 45 0D (S
2979 2> OppaR WNAD (Abdlkb ol yif g Lausgle (598
<y (NetMHCII 1.1) SMM-align 3, ;1 IEDB
ol N a8 el boggl Sl eg)S ol Gmoie
Sao agy g Yoo NM ) 128 ICr0 a5 lacgi ol canlllas
ol Ghg) 99 o Aoy & I i g g azalb Y 2
ol 4iB)S a3 )3 (598 (slmodigd Juate (lgis 4y clidg: odd
Opre MBS )18 gy 3590 gl Sl g 4525 sl
5 [Vv] IL4pred JdFNepitope (cla,gpw ; oolazwl L
e yba oS HTL lacg ol ([YA] IL10pred
5 (IL-4) ¥-uSgml (IFN) syl souss
soye Jlad byl e (IL-10) Ve—(pS'g)
15 o3l g ol (55051 lime dlxe sl Vaxiden
20392 il i 5 am i oS S35l syl [VY]
ol AllerTOP 2.0 4 ToXinPred (slaygyuw bowg 5

] sas
(LBL) (s B Jghw sbogi gl b3 5 oo
«ly [¥V] BepiPred 4 [Y-] BCPreds 9. g jl
ol (LBL) ag b (s B Jobo sboogicn) Gnpin
0Ad s i SO ol ded duglie g (qwyy 3l e D

bl Glgen g Syuie oy gl daygpw (pl buwg
oy 3 oozl b Jlasl LBL clacg o) S500] s

Coam 5 2liCuamlus e 5 15 k)l Vaxiden
5 AllerTOP 2.0 5, j odliznl b 55051 oy o]
D] cé)S 18wy 3,90 TOXINPred

chlis Wols oy ol GbGl g ailfais > )00
XKW

Sbdge Sibul (S50 oy Alur (adyen 5l ow
Job 5l 4B Ojge Ol e (e jslaie 4 il
&1, [YY] ClustalW 5l oslizal | 23Sl 5 a8lol «is
sy ol W] MEGA X Jibley oy ous
il e ol 4 b ssd amie LBL s HTL (CTL

O g (paled 1385 ooy ol Cols )3 U Biaie

Bacterial and Viral) woyg 5 b St Kiloygiilgn
5 ; BV-BRC (Bioinformatics Resource Center
Las obL FASTA LB s Expasy jl ViralZone
oaklS T Johw logi gl byl 9 o
(CTL)

OSan gl Ghdyer sy p | g adlae (pl
sly @y Jg Glse 4 Wuhan-Hu-1 egy5 Sl
Sygpo jlosliil b ad 485 )15 4 oyl b
Immune Epitope Database 4[v-]NetCTL 1.2
o3l 3L A Jgb & CTL sy ol (VY] (IEDB)
AL Lol ol yew VY NEtCTL gy 55 .505 o iw
B58 .B44 B39 B27 B8 B7 A26 A24 A3 A2
Jsane y5b 4y a5 (MHC 1)1 LM’ 8L (6550 B62
e b 4185 a5 53 s oo &) (Sl slaines 5
DB eS8 aw ln gope ol b bogial Gmpin
soin 5 Jlie s C egilion sin TAP sans Jlisl
clali] iy 4 d oM MHC a4 sxgs fate
Y TIRY > R AWV S /R RYARPLY AT S-S i
HLA Gl olos slp bogial § 6,5 asgezme
o1d St ple ooy b IEDB jgpm kg | M8
Saoad) b gloogigl $ad Saoiy 5 bl (SMM)
3590 YU (FaNK) (gaes, 9 Yo+ NM 5l 28 [Csp ¥ >
A3 698 Slodipd Juate plgis 4 g A8)S )5 o)
Jop 93 sb 3l odel Cund a4 s wlely Al 4B S
Lug 45 S ik slasiy JEDB 5 NetCTL 1.2
i 2y90 slopadls Jla 5l g wsd npte S nae
st b Oy oo g 4055 (gl wing Lgllas
A58 i) 3,50 VaXIJEN s 520k | ogigl cal 005
Sbovgl i Gnoie ol eMe Y] o5
N5 o) a5 plosl IEDB U1 solie 1 edlizl L CTL
& e Ll (e g Cute plie Ojgo ) (2l
iy Slalllas (gl g At St [ il slopgi gl @Bl )
DYTAIErTOP 2.0 (slaygpw cpwiran [VY] b Gl
5 liemslan o Sl oo 4 3o V0] ToXinpred
28,5515 o3latl 5)90 1 eul S0 gl Cuons

aaiS S8 T Johw soogs gl (2Ll 9 S
(HTL)

bug oxile 3L V0 Job 4 53 HTL ol (b

Journal of Health and Biomedical Informatics 2023; 10(3): 269-293 yvy


http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

O )Sed g (Juog pw

SARS-CoV-2 Gl sasgw 1y o9 ! Mo STy

» EAAAK S daulg 4 [Y+] B-defensin cilgl
ol ol pooMe 85 JIE STy ojle Jle s N
el 9 0 olpon cilgaal oyl b a5 oKin PADRE
H5E ol o [YY] sy &l (6%
4 RVRR S b s p oloie & (HEHEHEHEH)
b a3lsl STy Jlsle Jluey C

Pl 5 S aliCamlas (5 ST e
ST 03 (o laonnigSy o8

929 Aiwd 4D +fF &bl Hlade L Vaxiden 2.0 sla gy
sl IA 51 YL skl L[] ANTIGENpro 4 [Vy]
b 4SO 4 puSly e sl S5 Gnote
AllergenFP 1.0 jgp ¢35l 55 olicamlus o)y sl
Ml oimed 05 edlazel [YY] AllerTOP 2.0 4 [V¥]
Slg 995 b (391 e b)) sl TOXINPred M
S sl b 5 V0] €85 )3 ookl 590 s )b
b o] lesdgSesd sla Sy sy Sl (pusll comls
2 ogMe [YF] Bad i ProtParam 5w i solicl
SoIPro 4 [Ya] Protein-sol ,g,. g buwg e ¢!
Jiw slossin 9 alis Sbagm)le S92 05 (b1 V7]
TMHMM V2.0 5,0 lows <y a5 puSly jldlo
8,5 )8 w390 [YA] SignalP4.1 4 [¥V]

agl L be oo

N @sal s ouSly g agl sl b)) @l
PSl-blast based ) PSIPRED V4.0 (slag,w
SOPMA  [v4] (secondary structure prediction
Self-Optimized Prediction Method with )
3 b odlatwl 5,8 i sla el L [F] (Alignment
o2 byl uSly JIg 35 3)ls 5l oy SOPMA
oy oy g Alis wlinl ( olas claclls Sl (95
s turn f-sheet Helix) ¥ v+ polis g9y p sy @
Lad a5 VY g A (colil

RPN W S W R PO A S W K%
Sfdes yiag S polate 4 0ad (b STy pow UL
A5 i RODEMA g 5l 5l oolil b ol (So5elem
Jde 2ol <1y GalaxyRefine g yw wg 5l g [¥V]
pow JlSlo 0dlS (nin yopw bawgi 0dd Ll g 4w
(b0 20 35%e (53loil Ba)bo 5l g e ol [PV ] A8 oolis
Sl (ilodend dhwg @ J3 Lo giloylul 5 (Sl

;Awu.bl.b. Ao Jamos  yiw 9.’ )
o2l 393 (2 lwlid g Loy o

Sl sSaen jloy Ky SARS-COV-2 & oo
HTL 4 CTL Slog ol cures Jidey (bl «ul

xS 5 5 Alla g0 4 ond aLb STy j eas Sl
e b 31 IT0] 13 ey e i 3ble Sy
9 4% gie buy 8 oggl p (Sascbls b))l
f‘&u‘ b ‘L)" » 09M.C [Y;’] p&)f rabu‘ IEDB J,J?u

Uniprot osls ol ¢l Sl poigy ade BLASTP
g oSy boad Cbwl sbogigl on cald dey
P ogel » & b 4 b i)l (dabs Sl
g doyd YO L SYL Ll Slees gl a5 STy
g od )5 )l 5> sl pgBign b Selsen (nSon olsie
LYV 8 Gis

Pl M oSy (&b

obe el glogia)l (8L gl adlae ol
S Sy (Byme oM i ddaie oyl ol
SIS slaog ol Sl g ySsl sl Slisen b,
It Y d‘).} o3 létl dy90 LSLQ%.’?L;}‘ o W Oy
(P9 o (P9 3] Wile (olaylre ully STy
Sl bid) oSgue Ul cools (pliceulus pae
dy90 ).)) RV L)‘*L9)" Cla.w 5 )l).fb.wl c(HTL d‘@uydl
Slr Sl gooj b Sligen pas o Vb cimer Ly
o)l.w [YA] KERW c.:l?:.ul L)“‘Slﬁ UJLQf MS)J 5 u,..Q)f )l)S
Y Jolis a8 ol aiel sl osile b YAA 51 ISize Juols
XV} «_493@‘ Yy HTL uqul 6 LCTL L_:yuql
5 LBL oy ol v (IL-10 4 IL-4 dFN-y) b S gt
Pan HLA-DR reactive ) PADRE  og0e wo5 o
SLog ol sl Sy opl sl 4> 40 (EPItOpE
sogs ol (Ala-Ala-Tyr) AAY $oJ alawly 4, CTL
Gly-Pro-Gly-Pro-) GPGPG siJ )b 5l HTL
4 (Lys-Lys)KK o S LLBL slacsi ol 5 (Gly
P = R ALY RV S PSRN S
s 095 9 Jlail <l HEYGAEALERAG
5 ol Gl Cogl sl s 4S8 4 HTL 5 CTL

vy Journal of Health and Biomedical Informatics 2023; 10(3): 269-293


http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

|§9.MJ D)LMS ng.ibb b)sb s\i’Y }ﬁ‘l?:

S 3, Coannt 9 Caodaw Sl o] dlxo

oS (Joge SiS1> )3 o iiSad y o o85) FireDock
ol S (oo (b S35 @y SoS @) g SheS
Pymol v2.5.4 )3ble 5 SaS & dm dlsyo > [OF] 150
B0 5l praa 0 SiSh gladssaze I plaS n [0- ]
Fdghe (>)b & pliws g oS 9 4525 sl owiomen
013 ST sl 9890 (689 (B SIS
[¥a] ws 48,5 )5 4 PDBSUM M1 5 0
5z Saalisd (g Lorunsd
pdb LG 5| (MD) JsSUse Saliys (gilosunsd £9,5 )2
«SiSTy anly 5l odel Cowd 4 el 085 55— puS Ty uSheS
o )13 S [00] IMODS gy jl b ol 55 5 o3lizd
Sk (s sslate 4 Cunl (JoSge Saliyd adlllas (gl
b 3Sag)y ol b o3latl oad oSS (g p (SheS (]
Q) odd 0l Cond (Su5d bl g 0Sles sl aslllas
oo ey deseme Sy il (il o sUge
B lacaz ) JS g n <S> (e sl p An3 e )18
soro ol INMA) (ole el Jlos g 505 olal s
e 5 lslgsS B sloygiSlh s pdy S5y 0y 2lie
[05] ams oo 61 1, Sz 4
INSIlICO (g jlwam 9 995 (5 wdings
ity 5 CONA & STy JIg jugSne do 5 sl
L olles 5 05 oslizal [OV] JCAt oW1 3l 51 cyeS
0 dgame (slaes 31 bp sl Ke Hlae dw ) Gl
Jiwo (o 939y 403 9 (F92) 9 pojom) JLal sl e
Seie 4 E. coli 6,51 K12 5,8 5 agw <y DO )
Mo bl 00 <8l yd (JIg5 e [OA] 45 plosl (5
—0dlsS slyome 5 [03] (CAl) (908 5)5le (asls
Sy » s byl ] (GC) g
» N SIlico ilwaws ¢y ons Bl casgilSy
J>e ,3SnapGene 6.2 ;i LPET-30a (+) 457
(AAGCTT) ssisSsgime (slomsl by csloye
o ok I b as o8 BamHI (GGATCC) 4 HindllI
15V ] 09 ol el (2Blejl bolys o
(o] s (6 3L

ol e lagol (2w)lisl 5 Guog gl 4
(s Nz oSy bwg oad sbel (ske 5 Jl)ges2)
yoy— jl oslazwl Lin SIHCO p» ool (gjlwar s
el sl o ylo 3l yg w0 opl .l plul C-IMMSIM

ol gl Jao b duglis 5 o1 2ol (sl Jao  JsSJe
sbiel RMSD Ll GDT-HA jLiel s 511, o] 4 o
b)) ohBlebely Joges g 255 jlal Molprobity
Sl gl se o jl (@Bl Jie (il (picmen A8 0
ProSA 5, wg jl eslizul b GalaxyRefine Ly os
sacgoe ;b plisl SAVES V6.0 g, o [¥Y]
[¥¥] PROVE (fa] VERIFY3D (¥f] ERRAT
5l & [fA] WHATCHECK 4 [fv] PROCHECK
CosS 35 o 418 oLyl ksl 5 SAVES V6.0 5 0
s 3y90 Jae (liondign yid sl el elgil 9 (gylislo
&)l ¢l PDBSUM g0 5l addllae opl ;5 058 o oyuss
Sty o3k ol Jae o [F1] 0 odlizl oynillel, loges
[0+] 55,5 0wy PYMOL v2.5.4 l58l5 5 5l oslal b ;5
Wwgnl B Johw oy g (oLl

B sk sbeosial woie sl ENPIO oy
0ad (Al puSly (g aw Juo (2l Lo 5> dtwgyl
5 jlel Jolas gla ol )l jopw cpl 50 [OV] 035 eolatl
10 lie g9 3 P g s ) dlolb Sl
WIS g

TLR3 0008 b owSTg 85lw  J9Sdg0 KuST>

085 g Sly Bl Ga GbiSesy wyp ¢y
Jlail bl 5 lul gmw Baa b (sl paseis
15 odliasl JsSUge KiSTs UT 1 cons Sty Sy
s as) 05,5 PAD Ll JsSge iS5 (gl adlllas o)
slbold gln pre Sl g o o5 (TLR3) Y g5
loosls S5 51 2A0Z awlis b el iogl Gl 5 355k
i 5 ol gl JsSgo plos ashl )3 5 bl Ay
b (Sgn 085 (ol G b Bl 3L pl 4 Juate
23,5 1) ClusPro 2.0 « ous asbe Sy ol Jie
9 Siliwlg Sl sl fiSenyy olil 1y I Jse yoym (pl
e sl el dols) )3 [OY] 08 oo druslixe _sls; M (551
PatchDOCK jl )k 3,90 0355 b o (b STy Jlasl
03] das (S8 4y 59 yuw (ol o 00l dazee STy (gl
5 oo sl (e b s (JpSle JSB tale
sl {OV] S oo it ) (8o s puSlie” (o350l
el o yiaS TLR= STy (eSS jls Lo (i sl
Cuwd & Jl gy 285 )13 e iy asy b Jlasl 55
buwg o uSleS PAChDOCK j9,m I 39 o9l

Journal of Health and Biomedical Informatics 2023; 10(3): 269-293 yve


http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

O )Sed 9 (uog yw

SARS-CoV-2 cilises sdsgw 1y 2950l W STy

Species/Abbrv

[YE] ((A8lg (S5 50 Jobo ol 45 > S

@l;’u‘

pad Cblis sBogi ol GGl o b i i3 y0d
g5 S gns b ojsle ool sl STy o8 ol ol )
b ol SARS-COV-2 wil jins JSil o o
Ls'>'9’ 0l u’l’)l’ leﬁ’c_s”?‘ u‘”a)f"b (:?l'“" [Cadbd )‘ (Bt
15 dtgel (slaspu luaed Alawly 4y ibilis i 5 blis
wlolid ugpg cpl Clitee sladygu Silul ba iy
oAb i SO ol (oled gy cpl b o ) A
5 died ailie Mol 5blio 1 a8 T 4 B clacamsit) 3l b
Juloss g 4y 3565 (gly dimd o i ) Sabcdles doyd Ve
L gl oS onscblis pe slaog ol 9 bl i
JSs) 5 Bl wings 365 s > glise disel dpul >

1. Wuhan-Hu-1

2. Alpha B.1.1.7

3. Beta B.1.351

4. Gamma P.1

S. Delta B.1.617.2

6. Omicron B.1.1.529

7. Omicron BA.1

8. Omicron BA.2

9. Omicron BA.2.12.1

10. Omicron BA.2.75

11. Omicron BA.4

12. Omicron BA.S

13. Omicron BQ.1.1

14. Omicron XBB.1.5

15.B.1.1.318

16.B.1.1.519

17.B.1.1.523

18.B.1.214.2

19. Epsilon B.1.427 or B.1.429

20.B.1.466.2

21. Eta B.1.525

22. lota B.1.526

23, Kappa B.1.617.1

24.B.1.617.3

26.B.1.619 or B.1.619.1

26. B.1.620

27. u B.1.621

28.C.1.2

29. Lambda C.37

30.C.36.3 or C.36.3.1

31. Zeta P.2

FIEEEEESREEESEEEEES

Ml< < <TmTamama=amaaam

ot lp opile 650k 5 (PSSM) cudge olazsl
s (ol i dw plajen job 4 g A8 e elitl
b (Olgzetal 320 9 sglid 308 ¢ pugass) Gliny (63 )Sdas
ool ileand psl gl [PY] Ll (gjluand
doye g sl aoe o olas Wl anle ozl
5 FdgSee Vo VYYD polie g9y 2 iy 4 giluodnd
B ORjeed (b slcudhle Lad Gl V-0
HLA-B*0702 HLA-A*0201 HLA-A*0101
HLA- , HLA-DRB1*0101 HLA-B*3901
b ain s alols 4 52,5 ¥ b s DRB1%0401
25 plosil (3,8 ko o) LPS (930 (uSly JgSgo Ve
Fobar 1y pod 9 Jol 393 Om 03d dvogs (loj Jilus [FY]
ool tin ¥ g o oyl b )3 45 bS]y
VA AY O G5 ¥ slposd Jls Sloj Jolpe o 5 o
Oles Gie) Cuwl el A dgas by plyy dls o 2 a8 A poues

-I.l:l-l -l B

-:-I-l:l-l-l-l-l 'I -l-l
PYRIVNVVLSFELLHAPATV

O

< < <

G S e S R I S ISR SIS R CRCE SRS IS BRI CHSICNCIFCIGHIRSH] »

CYF

CYF

CYF

CYF

CYF|RIL
CYF|B/L
CYF|PIL
CYF|PIL
C YSIP/L
C Y FIR|L
CYF|BIL
CYFRIL
CYF|RIL
CYF|B/L
CYF|PIL
C Y FIBIL
CYF[RIL
CYF|BIL
CYF|RIL
CYF|PIL
CYF|PIL
CYF[BIL
CYF|PIL
CYSPL
CYF|BL
CYF|PIL
CYFIBIL

<< << << <<

L XXXt L XL L XL XL L XL L L <L L L L X

MVLSFELLHAPATV(
MVLSFELLHAPATVC
MVLSFELLHAPATVC
MVLSFELLHAPATV(
MVLSFELLHAPATV(
MVLSFELLHAPATV(
MVLSFELLHAPATVC
MVLSFELLHAPATVC
MVLSFELLHAPATV(
MVLSFELLHAPATVC(
MVLSFELLHAPATVC
MVLSFELLHAPATVC
MVLSFELLHAPATV(
MVLSFELLHAPATV(
MVLSFELLHAPATV(
MVLSFELLHAPATVC

<X XXX << XL XL L LLLLLLITTITITTITITITIT AL <<=

SARS-COV-2 il g VY Soluusl s g5 5l 658k adyod ) JSid

Olgie 4 Lol cnl (el 255 danpia Soll S
)59 (b 5l )3 55 IEDB @ls )3 01555 5 5)lse
U U HTL wgiol V¥ NetMHCIIpand.l .

ol 0 yasedio S5 50 4a5 390 sag ol 5 (S g

(Fobw Sl HTL 9 CTL oo o (swtorien

A Journal of Health and Biomedical Informatics 2023; 10(3): 269-293


http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

F’.MJ D)w ngﬁb b)sb “i’v }g‘l?:

S 3, Coannt 9 Caodaw Sl o] dlxo

Jus bonye glsis @ HTL 0l V0 5 CTL Gl
IL- 9 IL-4 cIFN"y Lg)JJ.;LQ” o5 )l O (e RV
5 IL4pred JFNepitopes claygpm ;I odlizwl L 10
plod a5 il D> g L ol 9 S yie yob 4 IL10pred
T Jsho cloogial cales o 03,80 0350 1y o jlons

O &8 L pasedie (w3l (g )5 (S (598 Jlai]
oo ol &S @bl ¢l IEDB bhug 55 bog
U" S JJ.)y (R W) .)Lg(w )4): dLbuyL,’.)‘ 019‘& EVRRVOWN.Y
odd Gapbn gloggl oS Haal (o9 4 gpdee
(SiF sylme pluly cwl e 93 )b
3 Sascblis Ve e Sane dod g Cuows ¢ oljcwolus
5 5590 SARS-COV-2 (sladygm dan S (sloysSigy
W osd mgie HTL 5 CTL slaogial ool om

IEDB g NetCTL (s g dawgi 80w oy ccomS g 2ld 25l CTL sdogi ol 1Y Jgua

b

i

el JUEST Juo Jwo o
ok JBU Cop al
Tap Jlso 5 MHC

sliesod] I ¥ HLA Gl il g el ygm

Loyl

(S gy 5o cuxine)

licgmlus e

NN

(03

N\YE \/PEYY y/vay. <[AYEY JEeys B7, HLA-B*35:01, HLA-A*32:07,
HLA-B*15:03, HLA-B*40:13,
HLA-C*12:03, HLA-A*32:15,
HLA-A*68:23, HLA-B*42:01,
HLA-B*27:20, HLA-B*53:01,

HLA-C*03:03

LPFNDGVYF
(A¥-4Y)

i amlus et

NN

(03)

o[eEeY «[AYAY <Ivay. NV -/yaay B27, HLA-B*27:20, HLA-

C*12:03, HLA-A*68:23, HLA-
A*32:07, HLA-C*05:01, HLA-
C*08:02, HLA-B*40:13, HLA-

A*32:15

ARDLICAQK
(VPA-\VE)

iculus jué

DARLAN

(o3s3)

¥V VIFYAN YIVAY - /A58 LSS Al, B62, HLA-B*27:20, HLA-

A*32:07, HLA-C*03:03, HLA-

A*68:23, HLA-C*12:03, HLA-

C*14:02, HLA-B*15:02, HLA-

C*07:02, HLA-B*40:13, HLA-
A*32:15

QLTPTWRVY
(Fa—¥a)

ialus e

\-YAY

(o3

S[eYVY \IAYAS Y/¥NA- <[AVYA - [yoay A24, HLA-C*14:02, HLA-

A*32:07, HLA-B*27:20, HLA-

A*24:03, HLA-A*23:01, HLA-

C*12:03, HLA-C*07:02, HLA-

A*68:23, HLA-A*32:15, HLA-

B*42:01, HLA-B*15:02, HLA-
A*24:02

PYRVVVLSF
(d-v-010)

i amlus et

+[AYAN

(o3s)

<IYAO VIVEDY NINE <[AFAY -Javy- A3, HLA-A*32:07, HLA-C*03:03,
HLA-A*68:23, HLA-B*27:20,
HLA-A*11:01, HLA-A*68:01,
HLA-C*12:03, HLA-B*40:13,

HLA-A*03:01

TLADAGFIK
(AYY-AY2)

\/OIYY

(o5

<[\YYA /Y NIS\E <IAVYY IS A2, HLA-A*68:23, HLA-C*12:03,
HLA-C*06:02, HLA-A*02:03,
HLA-A*02:11, HLA-B*27:20,
HLA-A*32:07, HLA-A*02:06,
HLA-A*02:50, HLA-C*07:01,
HLA-A*02:16, HLA-B*40:13,
HLA-A*02:01, HLA-A*02:02,
HLA-A*68:02, HLA-A*02:19,
HLA-A*32:15, HLA-C*14:02

VVFLHVTYV
(V-5e=V+5A)

<[RSy

(o3s3)

-[EYoY <JAYAY - /a¥y-. <IA-55 - /YAy B58, HLA-C*12:03, HLA-

A*32:07, HLA-B*27:20, HLA-

A*02:50, HLA-A*68:23, HLA-

B*40:13, HLA-A*32:15, HLA-
C*03:03

YIKWPWYIW
(IY-a-VYY)

Journal of Health and Biomedical Informatics 2023; 10(3): 269-293

i


http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

O )Sed g (Juog pw

SARS-CoV-2 Gl sasgw 1y o9 ! Mo STy

IEDB 4 NetMHC 11 pan 3.2 (g g o Jawrgs 00w (ot it oS 1y 2l 03l HTL slacgs ol Y Jous

Cuom 2l iCawlus &5 I ¥ HLA sl EYSP
(S (9 5> Curdge)

Lo lcumlas e - IVOsY HLA-DRB1*01:01, HLA- YQTSNFRVQPTESIV
(5e) DRB1*04:01 (FIY=TYY)

oo liwlus pé <Ay HLA- CDIPIGAGICASYQT
(o)  DQAL*05:01/DQB1*03:01 ($5¥-5V5)

Lo lcumlas e \ARNYS HLA-DRB1*07:01 NFTISVTTEILPVSM
(c55) (nv=m)

o liCuwlus e - [OAYY HLA-DRB1*04:05, HLA- FNFSQILPDPSKPSK
(o5) DRB1*01:01, HLA- (A--—AYF)

DRB1*04:04, HLA-
DRB1*04:01

Lo lcumlas e VARR LA HLA-DRB1*04:04 MQMAYRFNGIGVTQN

(o5 (---7)

g IL4pred (dAFNepitopes s yg pw bawgi s (gt yioms e oS Ty 2l 5050w 1L-10 g IL-4 dAFN-y S piie sg5 ol V' Jois
IL10pred

Coows @liCamlan il Ve oSyl

oSyl L_(9,8 mi) Ly

(S g p Cuxdge)

[V SN Y\ 01513 os151a) oo VVLSFELLHAPATVC
oo liCuwlae e AT ) oSl oxsall Cute QYIKWPWYIWLGFIA
(55 (\WAA-1YY0)

90 Ve gl o 5l oSy 2l Sl L 3 9h> Sl g
oy 5l odel Cund a4 ol elely Cpiores us Gl
diual (gda dw Jdo I B Jolo olas Cgi ol 0 EllIPro
b oslal VA ol &5 (¥ JS) 505 ity o
Jolis S Sledbl aswd +/FY g /ALY o sl
5 laosle 3l sl (g oo cisel dl (slmosile 3l

ol 0 1)1 0 Joss )3 b)) lsliel

ol) @lad g B Jdw ool Swoiw

(J1y5092
oS mokn glyge @B @8 bl 1 om
o5 ks by (LBL) (s B Jsho slacs gl
I Vv R ey oo u?’u‘] AA AN TYC IR ‘l.:bL'j @L; c;alfl);;'sl
oo 2 il ‘Ls")Ls“j WJlal oo slajlns bl

S cblis g plaw (o yiwd ¢ swgd Ol g placsllas]

VAF Jsan) el cams & S 5ol ol Vo o JolS

v Journal of Health and Biomedical Informatics 2023; 10(3): 269-293


http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

F’.M’ D)w 6&3 b)sb “i’Y }ﬁ‘l?:

S 3, Coannt 9 Caodaw Sl o] dlxo

OmSly JUs b 5 00l )5 )5 @y (s B Johw oogi ol i€ Jgsa

Copons s b gogi!
(S o9 5 Curdpe )

ot amslos i - IV¥oA GTTLDSKTQSLL
(05) (=1

o lcmlas pé VEVAA FPNITNLCP
(05 u:‘.") (¥ra-vyv)

s icamlas pé \/-Y0A ITPGTNTSN
(c5s5) (83A~#-7)

ot il pé VY KRVDFCGKGYHL
(Q}'gﬂ) (VeYA=1-¥1)

oo iamla ARy TVYDPLQPE
() (VI¥a-11¥Y)

o il né -Ivore DSFKEELDK
(565) (VW¥Fa-yvav)

o b lumlue e ARIY VDLGDISGI
() (VWHE=11YY)

oSy Bl 53 o S (LAS B sk aogi gl Cowypd 0 Joaa

3ol HKeY
Losile BU

Losile AU o>,

oJA+Y £

<IY¥Y ¥

_:G7, :N10, :T11, :Q13, :K14, :Y15, :Y16, :C17, :R18,
V19, :R20, :G21, :G22, :R23, :C24, :A25 :V26, :L27,
1528, :C29, :L30, :P31, :K32, :E33, :E34, :Q35, :I36, )
1637, :K38, :C39, :S40, :T4l, :G43, :R44, :K45, :C46,
:C47, :R48, :R49, :K50, :E52, :A53, :K56
_:H156, :E157, :A160, :E161, :A162, :L163, :E164, :R165,
_:Al66, :G167, :Y168, :Q169, :T170, :S171, :N172,
_:F173, :R174, :1181, :V182, :G183, :P184, :G185, :P186, Y
:G187,_:C188, :D189, :1190, :S199, :Y200, :Q201, :T202,
:G203, :P204, :G205, :P206, :G207, :N208, :F209, :T210,

- IyYY v

:AB7, :A68, :AB9, :E70, :A7l, :AT2, :A73, :K74, :L75,

":P76, :F77, :N78, :D79, :G80, :V81, :Y82, :F83, :F117, v
o118, K119, :A120, :Al121, :Y122, :A123, :R124,
:D125, :L126, :1127, :C128, :A129, :Q130, :K131

I8N Y¥

_:L295, :H296, :A297, :P298, :A299, :T300,_:V301,
_:C302, :K303, :G305, :T306, :T307, _:L308, _:D309, :S310,
_:K311, :T312, :Q313, :S314, :L315, :L316, :K317, :K318,
_:F319, :P320, :T323, :N324, :1.325, :C326, :P327, :K328, ¥
_:K329, :1330, _:T331, :P332, :G333,_:T334, :N335, :T336,
_:S337, :N338, :K339, :K340, :K341, :D344, :C346,
_:G347, Y357, :D358, :P359, :L360, :Q361, :P362, :E363,
_:K365, :D366, :S367, :K369, :E370, :E371, :L372, :D373,
K374, K375, V377, :D378, :L379, :G380, :D381, :1382,

~:5383, :G384, :1385, :R386

<15y a

_:P235, : D236, :P237, :S238, : K239, :P240, :S241, : >

K242,

1 G243

Journal of Health and Biomedical Informatics 2023; 10(3): 269-293

YYA


http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

SARS-CoV-2 Gl sasgw 1y o9 ! Mo STy

EFIST.

Os >y e QB B s T ko soogigl ed)e
Sascdles walise glads guw Sl (piigpm (Jloi jd yuss
Sl lapnSen g g oSl Jlg ow Slaed ]
5L iolgen (bl o ol | pliSn 4 ol L
slacsylon > oSy cpl cplplo w5l Sl sla 59

P\ KU I (S W PN YL

4
ENiPro luwgi s (o1yb cpuSTly g (69 o diwan U (g7 o3 ot sy ¥ S0

e Baolo Bl (5y2uS bls s B sk ol slacsgiial 3)) >l

@ ORE gl )3 (Pl Camon (yiwigy 54U

Soaldgh bl o Sadcdls
Sl 45 Kg e ol ) laa 53 el Comon JS jlam
b Bd Cul il &)l £ Jous 0 S8 & 0 sble
ylasl a5 el lea [EDB conservancy analysis 5|

STy UL 4539390 (HTL g CTL) T Johw slargi ol Sumos (yiwig 1 Jouo

S 5 ¥
pc90 FYKEJRNCH IS R i) ddlaio] Cuzon
22,95

AR -5 FARVARY &3S yo slinydl
\Via% /oy 7aa/y 55 o syl

v/A oI 783/aA By (sli,dl
Yivy /YD 7aa/av By (sl
¥IAS YIAA ARR byl

Y/aa oly 7aa/vs 81 Jlos
o/+\ vis¥ yARE Sl 18 0l
A7AN O/BA 728/A Lol Gy Jlo
Y/\s oD YARVING dpgildl
AR v/ey VANZAR o sl
YINS £IYY YASVAVN v sl
YIAY £y 743/aa o sl
Y/\Y A YAYVAZN Lol b g
Y/o¥ ¥IVY Jaa/ss Lol oy g
\AR) £IfY yARE 8l e
\lAtd YIAA YAYZANS o
¥y 78 YASYAN ol
YIvE o/¥Y aa/yy Sile
AN V/ay VY PP [

95 s il [gman 1 78+ Lawgs a1 lolis HLA @S5 PCI0 .ogil slad s lasi uilo [amon 53 005 (obolis HLA a8 )5 tas i shis :5ke

Yva

el

Journal of Health and Biomedical Informatics 2023; 10(3): 269-293


http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

F’.MJ D)LMS ng.ibb b)sb “i’v }ﬁ‘l?:

S 3, Coannt 9 Caodaw Sl o] dlxo

(KDa) ;5dl>sls ¥Y/55 JoSIge 19 b disel Al YAA
s (1) ks o Slgl i (glyls STy oyl
JS olaws e ams o i |y o] S bl a5 el
ASP +) it 5 (Arg + LYS) cuto )b L (slodial a
oxl b lde ds (> Wb dwlxe YV 5 OY i 4 (Glu
b ol 1 5l e a8 Lbol el 4+ jlsle
o walie S50 dy )l Cel iy Ygome b 20l
oolie L 20¥ - M em™? _igls (o piomen il
2 Cptew slacds plos Jols VYSY (/) (+V) i
2 SNy (Gued yas dass Cunl agili YA y3 of bolyd
yodwe 5 el Yo (IN VILFO) o lisbing (slacuwslsSs,
V- (in Vivo) E. Coli ;3 4 cels Y+ 344 (iN VIVO)
ol dilisia claj T olub saias s a8 3gr el
@Y bl (Fo>) YY/-¥ (g )lull jasls b usSTy ol
VYIYS s el 52 osMe 3,15 1 i) 28Ty Sy 9,5 (6l
4 palie Sl ol & amd e Lt Splidl (a3l
(GRAVY) lgyin 5 0eke S5k 5l &)l
ol ol 2 M (Sily 5l 005 45 39—+ /¥4Y
Sl o a5 gme oyl 4 > Cawgdy Ol ale 115187 STy
tlolid ) Blaal (2] 4y g S Cogii |y g5 9 T b ol
londsSezs ool 3T gl ales by (T8 sl
&l prY lylne STy opl k3 lo Ol gixe el Cavd 4
48 ol SV Jgio) S0 03500 1) Sy ypm¥ 58
el (L38 gsle 655 0 286 05 S ST
S pAs 9 dieed (moin (Sly My Sl B ]
IS siny plis uSly Jiale > aaty JiSew

[PPl el (9 (il done

¥l e 2l STy calw

HEYGAEALERAG KK GPGPG AAY)
oS agd 0 HSE 5 colys o 4 (RVRR 9 EAAAK
ol o3l L ¥ S Qall cuond > ojle opl (IS sleis
Lol

STy (2lod JUE L (2 lonisSy 38 olss
ANTIGENpro 4 [$¥] VaxiJen v2.0 (sl gm0 Lol
P OS] s < JAOY 4 +/SYYY (55 4 oS [50]
2B 1) o el gl S ) > ol Ulg 5 ST
gyone 9VaXiJen W99 JAA Br) -I¥ )1)~w 0)43) ANSUA
(39 0 43,5 i 13 5 51 ANTIGENpro ,» -/A
ol 5 AllerTOP 2.0 4 AllergenFP 1.0 jg,u ¢
5 S el S5 1y (Sl STy g STy oS 0ol
PROBABLE NON-)  cul
wls el ToxinPred 5. ,»» (ALLERGEN
S ouSly 2l Iy sl 0 SVM ppin b

iCamolus jue

bodd Gmpie polie (pimen )10 2929 (e IS gub
ol (+/#+vy) SolPro 4 (-/¥#Y) Protein-sol server
G @l ol )38 (g CMs | STy a5 aimd
Joiz 3 01 (2l Sy (gl jlime ol 51 p1aS s 3]

Gl o 0l i Y

Jold (ol o3l a5 3l (Ui (aleerdsSu b ol (L)l

rSTy TSl (1 (laonnisf 348 (olgh 5 Cononn (Caldls ol ol ¢ 55 T (i @l Y Jgoa

J9N90 0339 ¥l ¥l st b 5 Vaxijen ;!
(ogd13) Cuoms  (protein-sol) (SolPro) Allergen FP)  (Antigen pro)
(/AllerTOP
FYEEY/YY o b Nira N/ a% limlus pé - MDY - JEYYE
(333 ) (33 ) e oSl
(GRAVY)  pSol  gylwb padls  (invivo) (in vitro) 5L (p1)
AR Yy/vs AR > el Ve celo ¥ Y- ajvs
(b) > el
Journal of Health and Biomedical Informatics 2023; 10(3): 269-293 YA+


http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

O )Sed g (Juog pw

SARS-CoV-2 Gl sasgw 1y o9 ! Mo STy

Gl (gam dw Jao 0 Glypu slalles yials Slo a5 cul
sl (L gran slaeil plod slass )55 jleel (yizzon
Cuol a8l el WV/Y 4 00/ I b ol o oS aad o lis
sl oy, sl STy Ll 55 gyl ol (sline 4y o8
Teoy b &S dade Sl e S Ojpe 4 s
5l a8 o)lle ol Sl byl o ] Selty S
(+18) 3,05 s pomb & (Sl 00055 sl pabiy) sliel (5200
sttel ciomen [FA] cunl olal Jao I e couiS s |l
om0y AD/Y 4y AY/Y 3l oMol 5l s oyl bl jloges
sl as s (gl onds &8l il el bl Coleg jd wCanl a8l
My p 193 5 CadS o Mol Jae (o) 3590
o]

o3gdme 4 Sudp PROSA jlages 3 jsle pl Z 5Ll
sl i a8 (-ANVO) Cunl wlie o3Il b cogy (g
Jio s bS5 oo 4 g silotend sV 25 oS
(o> lociand ¥ JS8) amage i |y 00 i s
o3l b ool Cuwd 45 A -AY S oy <l p ogMe
Sl Sgn Jae b cerS Sl ERRAT 9
s 9 sblss 5l pga ohyblalely lsses slial [54]
&35 5 51 (PST 5 PN (sblg5) slome i 5 jlore (slaspulgivel
Aolbrs (Sl 0055 Jlgyaily lads (wluly 45" and o0 311 )
Vo] diten Jod LB ZAD I i ylie Yoams 5 Cosl 003
LT eolizel b ohslelely Ghages Julso g ams [V
oY sl gl PDBsum o, 0 PROCHECK
TEIN opyoglhe dilaie ) 1) moxile BL 51 /ZQY/Y cous
39l jlepé |y ZVIA 5 diliedglies jloxe /v 8L jlxe
Slrosile Bl ggeome pol adlllas )3 (5 Cuond ¥ JS2) 5,8
Egog0 cpl &S (ZAY/V) 35yl )15 Jlos) o39a5e 13 g0
WS oo 3ol 1y Jdo nl (392 lisel] 5

oSy 05l 445U UL
as oy s PSIPRED oslicwl b a9 (s b oyt
YV W ol ZVYIEY 5 JSize STy ksl
&l gl s le pisman ol oS ZOF/YY g by slaars,
[¥+] (SOPMA) Ml 4,56 jks b Julo )l lawgs o

JosS LYY g Ly iomy ZVIOF blbarwg cloaws,
Jle sl Sy (SBLS Giales (I b 4l (Bolas
Sl oot 595 13 lo 5 luk s Slasl gl
(& Cand Y SS) wimd o (LS STy (50

S dw e (2ewjliel g VL (gjlede
9 sl B STy

51 RODEtE jgym lawgs (cims dw sl Jdo i 5
28 bl )3 g bl 5y i lsis 45,00 S gl
Gl STy sl 2l sim aw ke (o open e
Jd dsye 3l oodel cund 4 Juo PNl I am il
cwlio S aljlel s 40 Jie GalaxyRefine lowy
GDT-HA aliseo oyl )b &y
Ciund o yeligy 9 3)65 0 jLiel MOIProbity RMSD
oSly 2l Jde plgis 0 (1YL 3)lse plo ol
90 oy sl (6,503l (7 chowd ¥ JSS) b bl
09031 Sltel b (005 Mol Jo g ol Jaa) (g 55l
9 3500 03b L5 (GDT-HA) YL cés b Sl alols
O > Vb ol 3929 Sl (+/ANFY) litel ol (VL jlade
Slaye 5Siko yia Blol jliol s Jso g5
a5 (gyob 4 WS e dule |y il o alols (RMSD)
0 y05 o i |y @l 3l s ka0 daw RMSD oS lsde
ol 2 &Sl ol iy VY B -l Jsd B RMSD
ol 930 L8 03l el 3 3 (IVAY) e ol jlisel caslline
s, oSy ke Sl §) agllan g sain s
/-5 MOolProbity Lzl jlade 8,k 5l [FY] cunl o

YAY Journal of Health and Biomedical Informatics 2023; 10(3): 269-293


http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

o 0ylawd (o2 0,95 V£ sl S 3 Gt 3 Cea¥lwr Seilo g e

NH— M HEAAAK HGI]NTLQKYYCRVRGGRCAVLSCLPKEEQIGKCSTRGRKCCRRIG(l-l
EAAAKHIPFDGVYE

YIKWPWYTW] EALERAG]H-YQTSNFRVQPTESTV}—
L-I CDIPIGAGICASYQT HIGPGRG|-| NFTISVITEILPVSM |—_—|
Llmsqn.mrsxpsx|—-—[1\1QmYRFNGIGVTQN|—-—[nYVSQPmmLmKI—|
L-—ﬁm,smmz\mwc}-—pmsmqsm—-—lmnmul-—‘
lecmsrz HEKHKRVDFCGKGYHLHKKH TVYDPLQPE HKKH DSFICEELDK|—-7
| {VDLcDsGr- (RN SRR — oo

[]Essakiinker [ ] HpD-3 [ papre [[] BEYGAEALERAG linker

. AAY linker l:l CTL epitopes I:l HTL epitopes . KK linker
Bl cpcpctinker [ |LBL epitopes [l RVRR tinker [ His-Tag

|:| IFN-y, IL-4 and IL-10 epitopes (bd ‘)

LTIl e

Helix ——
Sheet ——
um——
Coil ——
50 100 150 200 250 300 350 (o)
Journal of Health and Biomedical Informatics 2023; 10(3): 269-293 YAY


http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

S

ARS-COV-2 clisrs sBagw 5lp 297 2] S STy

Yeray
. Ran

N 'vl W
e {2
-20
/] 200 400 €00 wo 1000
(o) ( ) Numbe- of resldues
9 180+

-

Knowledge based energy
=)

1
-

-2 4

-3

Sequence position

Psi (degrees)

45

=
i

b

FEml 5

o,
Il .

LE
i
_[4— JC;‘!:!\;?“ .
= | s
1 l :

| O
-135 90 ds 0 45 50 135 130

‘_ll’

-180

Phi (degrees)

Tl (s Ja () - com Ty 429U U (e () 0 1521 9 il i mesTy addg! S b Sl o (1) oY U
Mol g (g aw Hld b oyl pila Lol 415903 (5) - doxe Jo CudaS (0) Z 0305 9 PFOSA v liis! (5) ou

SiA ANEIAE) Sl @5l e b Y ojled gl
oobos 55515 (FVP138) (HB) (355,90 s 55591 (MOF)

(A Jss) 35 (\Y/¥5) (ACE) a3l
oSS )5 a5 Ad et PDBSUM zls 1 solatwl b
¥ L STy 5l anile 8L YA ggeme o (TLR3- Sy
LS‘)'? Jagl) asl 9 Ll uu..io.tb).» TLR3 )| o..\.?l.au_'él.g
s (A%) Ys TLR3 &y 5 (B%) YWY sl
@ TLR3 | STy s 05 dbe] JsSge (slajiiSony
2 GSe V¥ g (S9)hh Ngn Ve o (S LV Oy
@ it 3 (Figpte Geisy d92 (¥ USS) 251 ssny
ladlols iy adlas oyl 13 [YF] 3 Cuanl il oS 5

YAY

TLR3 05 08 U oSy 85w (JeNg0 KuS1>
Je ¥ (TLR3- Sy uSLaS <l ClUSPrO g,
Sladgd jliel olyen 4 calisee SiSh slagspl L Luls
LY Jao conds &3l sl Jdo cpl oo 51058 dw i dbgye
Oles @ (=V-¥/Y) Jlasl (g5, jliel oy yiaS g gae YA
s yd 0l les a8 s Ol s KiSy wuSdieS oy e
0gMe .Canl ot Jlasl blad g STy lawgs 005,85 !
hooslial b STy Habe Dbl Gl e cnl 2
aoll 3 g i Az <o s PatchDock g,
Mol FireDock oo ,sl b g ololis iy oSS Ve
S &S Jde g ad &l Jao Ve 55 YL Gl e L0

Journal of Health and Biomedical Informatics 2023; 10(3): 269-293


http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

5w 0 lowd o2 0,93 VE+Y jub (S 3 S § 9 Codlw Sile y5831 aloeo

A 0Dy odd SSh acgerme (g3l ovw,loel o Yl pieny 4 (0 Wy JLE pg muSl YU
g ool Cowd 4 ol oS Al oot i 3 Seilianlg 1S elasign [VY] cal )8 o]

orl yogMe V2] A4S o Wl oad bl clajiiSwm )

TLR3 U STy sl JsSIge SiSTs gulis :A Josa

FireDock ClusPro ool 05 S
Glob avdw rvVdw ACE HB Center Lowest energy
-\Y8as —SFIVY Aos -\Yivs -Y/os -\0/8 -\-¥a/ TLR-3

Sarsen gy 8591 HB (i1 polad (55531 ACE (ully jily axdls 3,01 FVAW ¢l ity 08 Gl g5, @VAW, Sl (55,31 :Glob

TILR-3 Vaccin
Ne643 @@ Ser212
Leu6ic @G> @ Asp189
His640 @
Arg306 @D, .
Lys305 .———. Pro244
Arg664 .m-x. Thr210

Asn642 @ Do Thr214
@D 11190
Glu6l4 . Asn255
- Prol91
Argo1s @D @B GIv256
@ Alal166
Ser647 D @D Leul 63
@ Phe209
Leu6ss @ <@ Tyr168
Glu64s @D—@»> Arg389
Argacs . @ Pro274

Tyr440 QD@ Mct277

- Glu280

Lys282

Tyrd437 -

Ser439 @ D— @D Asp278
Leud1s @G

Arg300 @D — @D Tyr122
Glu33s i

Tyr277 -« Tyr86
Tyr301 Q@D Pro224

His334 D

Tyr3s8 @D -

Asn336 @D - Pro226
Met253 D

Asn227 D@D G180
Thr2s2 @07,

Arg226 QDD Asp79
Tyr282 @D - Asn78
Tyr258 Lys242
Glu2s1 GIn232
Asn205 .— —. Ser238

Asn229

Asn303 @D - Asp236

HisS14 @ € D Asn324

Key: Salt Disulphide Hydrogen Non-bonded Phe279 @D <@L Ser231
- bridges bonds bonds contacts Glul150 @@ Phe77
Lys175 G - @» Pro76
Gin149 D> — @D Lys74

Hel2s G

TLR3 05y cyanSTg 0d iS5 afgo0me 95,15 igles 1o Ceoww 1 JS05

& o 03l olaid] S5y ol jo L JiSen ys ) 0aiS S i slaoilo Bl o iy Cuanw Ll 0 03> i e STy L TLR3 5 30)8 Sy b STy Hlsle
W N PR S PP RS VST PR ST LJ «Sladl g S« Slog)l 1yl ¢y 135 ¢ )..w) &S oy |y ] Shg cwdilo 8L o
lods o0l (JL:" ‘_;’79)1; 9 LfT Dy ‘).o)s Jo}la> l.; Gy A Lh.\.:au )JL-A) 9 Ls')?)""b dlﬁa.by.‘: ‘d-\a-ﬂ.]}u) > dl.h.b}u 4L;<AJ dLhJJ

Journal of Health and Biomedical Informatics 2023; 10(3): 269-293 YAL


http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

(&)

Deformability

Bfactor

&) g (uog pw

SARS-CoV-2 cilises sdsgw 1y 2950l W STy

P acgemme sl i opl a8 smd e LS ) cul b3
Mgeio paal 1D puismed Cuwl 64 duolee YARFFYXY -
alayl, €10€N Hlude b 48 ol 0l (5,155 LiiSen il )l
05 ool o g ol lysS ot e 5 e
o8 bSSy byl & cul bl Siusen saimd
4 l) (Staad 15 1ol g (Suad i ke ((Shunan
byl StV a8l Jao oioman (g pgas) Ml (oo 2905
o5 Al bl 5 s s oo ), gl
2 8l 53 s oo J 03 i slagl cir) 23
Gl dbgye slagsl Cas o 8 S odad il aad
SVl lages 53 0y (5 S ble b Jldw sloyid
sl ol J8 pa m j paa) Nediee o> (L
Cale 53 Db o0 S5) dbgiye o] i b dlall) > dsgerre
Cilwands 5 odel Cawd a4 SleMbl ol wloly g o
o il o3k S 1y 00 oo Sy JySge Sl
2,5
(®)

0 200 400 600 800
Atom index

1000

Residue index

0 200 400 600 800
Atom index

1000

Eigenvalue/Eigenvalue()

n
a

n
k=]

-
o

-
o

o
T

Residue index

oy s JySgn Sinlys e
sore by (Jo¥ge Swsluy iloawd 0L @l
b S g ol (Jese slaiiSen y AIMOD
8 JS3) sm30m 05 1y o] 035 b STy s gene
Al g w pgal 3 b iSeny 9 i e Suoie
o] ccansl odmliie bl 48" jgbo lods g ol o o0l yioles
S8 5 (ol So o8 Sapull) 15 2 o0 SIS Cos 4y
Wl O Ceomd 5D pg Sl V B - ed9de jd Lol 0y
acgaze Hdlo &S B o o) YY) Ll oud
b 53 48 ad Vb (6 g IS o b (b Lo (35,05 392
3lie (0 CaaniB D JS5) 2imd o i |y 3lolie ] IncSiy
Gk 3l &S RMS jlide | e ©j50 4 B 556
Ly o1y Cualad pae 5 Canl Conlite g oo bl NMA
A5 loged (g Cuond B JSB) WS g0 (s (o8 Cyg0
b S5y gl 5l 3y50 (651 L as €IgEN s >

Eigenvalue(1)= 2.889442¢-05

2 4 6 8 10 12 14 16 18 20
Mode Index

Atom index

s SS13 TLR3 05 S (S ly ae g0om0 JoSg0 Solisd (6 j i ol 10 JSKud

o (5) 5 odllgsS mile () eoslisls (o) NMA S 1o 05 j23lie (3) B 1 () et IS i () 08,5 SIS sloiiSon s 1505 i iy ()

YhAo

Sl oS

Journal of Health and Biomedical Informatics 2023; 10(3): 269-293


http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

P’M b)w 6&3 b)sb “i’Y }ﬁ‘l?:

S 3, Coannt 9 Caodaw Sl o] dlxo

3590 e 3 oSly ol 0 ol Sl 208 105 o
03D (e s 3 (pBgn 0 Ol ) Col S
5 (W] Y & Sop b </A i (CAL) 508 ol
5 S (s9de Lld YF]ZVe b Y+ 1 GC g
in silico Kisgls a5 ol SnapGene lssle 5 >q,5
Skl g PET-30a (+) B (19,5 55 2858 STy gojls

A3 o G ) oS g ey S

16355) Dralll
(6227) Psil

(5654) AsiSI

(5311 Nrul J&_

4a52) Pcil

(4335) BspQI - Sapl
(42%%) Tatl
(4223} BstZ171
(ar97) PAIFI - Tth111l

(395) PpuMI
11413) Fspl - FspAl
(3415) Bgll

/ 1 o By

Cloned Vac

oSl INSIlICo Kigghs' 5 (4995 (6 Lwdinge
2 Sly 1gilS s Jg (988 sileaine S o
lsis 4 E. €Ol (¢4 K12 caysm sl CDNA i)
L 095 (ilodinre &y 53 [OV] a3 pasede Slo (i
Dedise plsl e i > Fsn ol Sl S
LS5 ik b S5 VAT b 4 oxd e g
G OV (g lsS (slgime g «/AYOA (988" (5,850

BIpI (50)

PaeR7I - PspXI - Xhol (:38)
MCS

EagI - NotI (:65)

HindIII {173}

Agel (m2)

RsrIX (ms)

BamMI (1173)

coRV (1383)
NcolI (:387)

enterokinase site
BQIII (L416)
thrombin site
W\ 6xHis
‘ (ATG)
Ndel (1521}
RBS
Xbal (1559
T7 promoter

s
i~

SgrAl (:1670)
SphI (1s26)
BStAPI (2024)
Mlul (2351)
Bell* (2365)

NmeAIIX (557
PspOMI (7558)
Apal (2562)

BssHII (2752)
Hpal (2857)

PshAI (3196)

PET-30a (+) gl J5U ;3 STy ks o3tw N SiliCO (g jlwdmd 1 JSWS

J9]o 5 0uiS K8 9 odsS T dLbJ5.Lw Cuxo> w‘ﬁ‘
el oanlie BB 52,5 1 b (5 b > sl gead) (gamlinSTy
sk JS3 4 gl Slo el (2l cul 2 opds
g 55 ngad) 38 plolid S )23 5 (NK) (orbo oS
5 1L-10 dL-23 (dL-2 dFN-y (YU zohaw picmon
WS oo Sty B el Foly o a8 Jlb SIIL-12
e ool s &y SleMbl 5l S (5 y5bo & (b 2 5003)
o3y Sle uSly cnl Byp b a5 58 bl 4gs ()

o2 (§jlwennd
VS s ead (b ogigl M uSTy el Glasuie
2555 (ool (Gilwdnd s ulely sl oad 00l lis
dgM dgMHIGG slapdsslSsigel 32,5 ¥ L STy
s a4 S e W1 1gG2 4 1gG1 [dgGl+1gG2
tlicsioal (Jl Gl 4 o pow 5 P93 lagewly (25 LB
clale il psw g pod sl Job )3 )b gyt
29a8) 3,15 cllas by 925lS gigesl collad (l3al L o]

28 oS g n Jleb kil sl Jsbo 5 S 53 (sl Joko 5 (5 29s) B Joho sse glyl JiSts 231 (i)
Journal of Health and Biomedical Informatics 2023; 10(3): 269-293 YA


http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

O )Sed g (Juog pw

SARS-CoV-2 Gl sasgw 1y o9 ! Mo STy

Gup oo b boS g b g 1S 00 35 1,19G 4 IgM
oligS o &S M o L wles cpl Coles o b o Linl8l

b o il Lslato (s e lge )3 (el

s MHC-I (slaJoslgo paass JLs o 058l @) &
ouiS S5 T slacawgid Cpien itwas MHC-II
Jsl oy x> pNK o Jshe 5 (CD8+) suis” 4 (CD4+)
il Nedee JUb endahb STy L oaralye )

LSL‘“%;‘:SS}-:‘ ¢‘_’J.L.;’3 Jlx.‘? )’1 o Lo.w)’t) B 9 B L;Lm&:.wyﬂ

B cell population per state (celis per mm?)

700000 | 200000 B cell population (cells per mm?)
& Ag ( ) 800 Z ; 500 ( ) 800 -+ - 400
(hﬂ.“) IgM+19G 180000 - Total o ACTIVE =
go0000 196141982 —— 700 e ) 0 PRESENTING 2 (12) —— 350
ey R OMem 2}, 7| 500 PUPLICARG %
5 B isotype lgt —— — o
3 “500000 1962 —— | 140000 @ 600 Bisotype IgG1 —— 600 ANERGIC (y2) 00 %
g 120000 F Y e 490 £ 5o 250 £
g 400000 23 500 o 5 £
g 8
] 100000 3 & %06 30 2 8 a0 4200 8
£ 300000 S5 £ ; &
g 80000:: (o 300 H % 300 {150 g
g = 200 2 3
5 500000 80000 o - 5 150, B
5
40000 £
100
100000 100 100 50
20000
" : o | — — o Py S . . . . 0
0 50 100 150 200 250 300 350
0 50 100 150 200 250 300 350 0 S0 100 150 200 250 300 350 B
days o
(é) TC cell population (cells per mm3) (0) TC cell population per state (cells per mm?3) (9) TH cell popudlation (cells per mm?3)
1160 : T 1 1200 : 1 12000 T T T T T 2000
Total ACTIVE N Total
1150 TC not Mem DUPLICATING X TH not Mem —— < 1800
L TC Mern (y2) —— RE: 10000 \ TH Mem (y2) ——
1140 1000 wegetn — | e
o 800 ‘ 8000 } i
1120 © i »
1110 3 8 172 %
S
2 600 6 5 6000 [- 4 1000 2
1100 | £ g 2
£ 800 &
1090 £ E
400 | 4000 600
1080 |- d .
1070 200 2000 ff. 400
1060 5 200
1050 1 . L : L : a d \ . L . L : 9 ol ; . 0
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 0 50 100 15 200 250 300 350
() - @ - (L) ”
MA population per state (cells per mm?3) DC population per state (cels per mm?) 450000
| |
250 v : N
INTERNALIZED —— Ny 800000 1
-1 400000 700000 | | 5
600000
200 !
350000 500000 ‘ '
300000 | 400000
150 ) 300000 |- || ‘
g2 250000 |[ | 200000 ) || ||
) 100000 | ||[{
200k 200000 o ALV |
0 50 100 150 200 250 300 350
150000 |
S0 100000
\
50000 |\
0 L . \
0 50 100 150 200 250 300 350 0

days

355 0593 dw 1 g b (A 1y STy 4 Gl )3 (ol (65w (g yies IV S

3 o bl Cumen ) glite aalial o ooy s ilisee (eaSSy b i ybages dny] (selaly yiag 553 cysizmod 5 rsdssSsines] (slbogsS s o ofesi] adaw Lisles el (i)
(9) s PL oS T dL&:JQL» Cuzxod> (c) oS T LSL"’JW Cuzod> (.)) .CJ1>)A » B dl:ec,\wyiﬂ C,\w(c) Jf Slaw G B ‘;me,‘w’!z}] Cuzxod> (u) Pgw g P9 LSL“’)'S')
dilisee (galsyo s )3 laepSgl il g b S gt clale (b) .cdls o 50 Sy la Joho Cuner () b o 0 aj6g,Sle cunes (5) . SoS T (slo ol Conex

Ok yol o 33 45" (glod S (slay M o e [VF] 295 o
jp Solew ol sl 485 Cjs0 yugpg ol L ablie ol
WbiS cmamd )3 (VW] s JpS BB JelS b o
Ol gl 0,09 (s e el g gslinnSTy
Wle Lalise gt slas)lon (Sady) g shte Sl ST
5D ey p9) By ol oy (S puo ( JUib) b el
3 Lo olew ly pols Jbb 3 [YA] cudl 0390 51557
Caigean Sbul § 6Ny ©lp oo l3l 4 arlinsTy
ot 5 (o5 (o555 gl ot Xz 53 e 03 a3

YAV

5 325 4 9 Sy
5l Lsb COVID-19 ,1S e (spSaen sl slaJlo o
S olys 4 SARS-COV-2 ugyng ilize slodygus
o V0] cusl 039 glae Sl cutline sl Jutmse
ey e (il 3 S Sy dhuly 4 @ Ol
S S g0 031 1) e slodghs Gy & > gy

s Cany b S (gl o 555 IS5 sl

Journal of Health and Biomedical Informatics 2023; 10(3): 269-293


http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

|§9.MJ D)LMS ng.ibb b)sb “i’v }ﬁ‘l?:

S 3, Coannt 9 Caodaw Sl o] dlxo

» SARS-CoV-2 L ablis glp (c0ulS Slgs o o
Sy omedsSes o Sins IV g A3l e oo
Ulg e o odaline ¥V Jodo 0 aS jsbjlen sl oyl
Sl ) i gogill slunls STy G lsie 4
Jod BB ouSly o Gl ol ool (Js9e g S (o0
bl (Seiglsnsd PH (iiSan s oud 03] (a5 (5 i
o yos ol polie 5 L ol s 33 STy 48 ol ol
cunle Sl odelcuwna Sbos S Ske cute
orizen sl Splo Ml ol Ulg g (g
djl oas Shb og slis Sl &5 Wb asuie
o)l ey ol (o i g il 1€ 5551
0 25) S ) el (4513 Lo (oSl Elgil gy b S o
ol s pilasl g g)lub bl » SeMbl aiy
wlad ol caman Jle s B)b 1wl e cun
B0, Sl el odimd St dinsl (lndn] das oS
5Slas 5 Spolyd oS onyy adllas Kl &S A5 e
oo ol il ey rizmen [M] leie ool)8 1) (59
S 29 S ygb & ojle Cgllas (sl Sk cgan
sl asls polie b ool Swogiw Jlo cuas cél
5 MOIProbity )4 » jliel cciuns (slayoliy, RMSD
by (AV] bebe pasuie ohalllylges
01 gl o 5l 3 lallad ety (gl 505 (ooeis i)
Z Ll s ERRAT cuas coyps @lyes wblosds osliul
olie S 5 ok sl oMol Jue 45 63,8 el
b Jlatl y el b (lpdpsSyse) lacsst s
Gl dagnl o g9y 2 2290 B sk slacgiy]
GloolSols ol Larets oblg S e Ko yo0 1y e
oSy il s oLl olas sl b Jlg ) Jlas!
pd o Ui 1) sddicysds Jlysesr (el (slagul sl
Or P 9 BB S iiSeny 29 (Y SS9 0 Jgiz)
Gl S5 el ol 025 ,5 slo 500 5 5551 JsSge
i) Slr oSanm oS S w698 el

Slod Cignds |y 0ad aib Lo slayuSly Llgi o 0gill job &
csiodl slagesly Sl lg5 o ady gus Elgil Sl (B oS (650
YA us s (LS clacisie o boousTy 5l ol

S célo g (2lb p S yeie pol adlae > (Lol Sos)
5 oslazel L i SiliCO Lyl p» og ol Lo ST
sly Sileysiilgigesl 9 Sl jsilse sla)ljl 5l (slas goore
ol e gl oSl oyl Suoia
2 ddgen Lt glacsl)ly aea plp )3 (ske 5 Jlygesn)
L caul 035 SARS-COV-2 cal e 5 JulS3 Jlo
Sl G e gl e Jl (J )l
5 oosns O RNA g5 )3 5 4 pomie o5 oo e
whl g (gng e Sy dexy Lilke
2l Wlg5 o diel dul 6 )3y &S bl I el 03403
ot 95 onl eand i |y gl 361 5l oad iy
AT 328 38,55 Qpil 2 itee slappmSly 2l e
bug o Gllas jl gom b Ol cnl b ablie
bl o Ken 4 Oluwagbemi 5 o Kea 5 Almofti
VYl aBxs g et Ko dAY FF] Casl o3
g b 15 Lal SARS-COV-2 Solul sy eSS
Ml Al dgng ol bl oy ol Al e
e (2l Sy ] sl orima s &S (1 JS.E)
Wl By T Johor sloogia] lbolisd 5 o 3l ome
O el (Sl il Sl 6y (o b o cblis
il oslial L bl LBL 5 HTL (CTL ool
byl (F U Joia) 6ad Jate oo 4 goite (slo S
ad s lalil ((53)55 U s g Sllasil )3 oas 4 )5 )5 4
ol il Lids o Slee slapod (gilwlis 5 lags ol
3929 Oeoxen [AV] WS S)lub ) oon SlSLe )
plod (izupl  oads b Sl jlsle o colgol
TAY] 353 cuonl 5598 il slagusl sl g Loy 5]
Sl Scumer lp 0l p e Sy (b
(HLA udyse (h) s Seal (Se5j i 5l oS
T Glcausil sboganl imer (b 38
ol (S &S | conl 55 390 (HTL 3 CTL oy o)
aee 03Pk S sy I il slaasgere 4 313
aadllas ;o ouds Cbl sy ol [AF] wms lis iSTy
A 3y90 Bblie (sl |y imer byl (2VL 42> ol
b gl M oSy gycnl 5 (F Jgaz) ol plas

Journal of Health and Biomedical Informatics 2023; 10(3): 269-293 YAA


http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

O )Sed g (Juog pw

SARS-CoV-2 Gl sasgw 1y o9 ! Mo STy

sghaie 4 Flubre (s13)Sag) I slaegecne caallas cpl )
s HTL) T Gladsls lp ol sbogigl alobs
ool & Lol Il ord 45 5 4 COV-2
5 ons cblis Mol Calisen (glodygn 53 0ad lolid
3138 o3l 3590 5 oui] clalllas )3 Ailgs o it S yiiie
shyld ons u>])]9 &519 O.;.l FLERTR olds lzbu_gl.i)')l XS
L)"l » 09)'1:- ol Y s> piubgy b u9J.LG L;"‘°”| uo|9>
il Gl (zned 9398 Juate (ol Lm0 S 4 Wl o
Wlgs oo laass Jud opl.aiS sbul Cogae plRa jo 1) (548

g 2w il 1y STy LT ol p3Y o) g loasyse
plo 9 COVID-19 copre o oy JB o5
S ol o1i] 53 sl ySen & gl sl law
Sy Josly ol (gl (Jbcpl bl ansh

Pl los gladaly (owyp 5 0l (ALl slapusSTy
aol 5L 1IN VIVO 41N VITIO Lalys )5 eSS ldlae

‘_é'b)-\ﬁ 9 ’SJN&“

2L S55SS0m 9 315 4 09,5 ST piges oL ]
ol 0 Tyl (s j (69l g pole s S 50 4

&8lo o,
s0lio 3Ly 68 g 45 uiiS o Ml B st 55 Ay

D) gy gk cnl pegad 5

References

1. Bell D, Hansen KS, Kiragga AN, Kambugu A, Kissa
J, Mbonye AK. Predicting the Impact of COVID-19 and
the Potential Impact of the Public Health Response on
Disease Burden in Uganda. Am J Trop Med Hyg
2020;103(3):1191-7. doi: 10.4269/ajtmh.20-0546.

2. World Health Organization (WHO). Weekly
epidemiological update on COVID-19 [2023 Apr 1].
Available from:
https://www.who.int/publications/m/item/weekly-
epidemiological-update-on-covid-19---6-april-2023

3. Yang R, Wu S, Wang S, Rubino G, Nickels JD,
Cheng X. Refinement of SARS-CoV-2 envelope protein
structure in a native-like environment by molecular
dynamics simulations. Front Mol Biosci
2022:9:1027223. doi: 10.3389/fmolb.2022.1027223.

S5l e 5 (TLR3) TLR tog) 005,84y 3Ty L
S b s [A] 5l Cuenl 0l LS5l juSleS
obis |y gy (0 5YL 5 Jose o lasipl (S
Jeo 5 syl s wluly (N0 pwd 5 O] (im0
ol 45 5 g TLR3 5 usly o Vb Jlasl
buwg (el § (S el Gl S 28 Jeailly o yiiSon
oy 03jl (F JSi) amdee Ui ) oad (b (ST
J @ Sl Gl e BB 2 (208 slag sl
@ a5 5 [Ae ] Canl aiglite MRNA gl 915" ()55l
ofion WS Oly g a2 (umsig) b dpe pekaie
e 395 oo plxil (1935 (gilwdingg i (i ) oS S
g lp oss awlxe GC sop (lgme 4 CAI
155 ol oS 55 i 20l ol ySoliy 00 (gjloinee
S5 Pgigen] sloosy e o gjludnnd (iool sy b
N SHICO Lylys )5 ably gl Sy G b a8 ladl oy
G5 3 o el slaguly & 0ol (LS g sa ploo
Il opomen Alodd Cogll pow g pgd STy
My s Glie glacwisnl 4 Blie slaidnslS s
SRV ] s o K il ela oo il 4 4 6
ol Carex 50 yobo &y STy o8 il ) g @l
S gk (Y USa) wede Gl ) eaiiS g (SST
5 Slwbre diliste claylpl 5l odel oy 4 slaaisl
o1 b ojls a8 5l s anlllas ] > Sl pislgiges]
Bl Sadygew b ablie sl Ha HuSly S g

ol oyl g b el SARS-CoV-2

4. Walls AC, Park YJ, Tortorici MA, Wall A, McGuire
AT, Veesler D. Structure, Function, and Antigenicity of
the SARS-CoV-2 Spike  Glycoprotein.  Cell
2020;181(2):281-92.€6. doi:
10.1016/j.cell.2020.02.058.

5.WuF, Zhao S, Yu B, Chen YM, Wang W, Song ZG,
et al. A new coronavirus associated with human
respiratory disease in China. Nature
2020;579(7798):265-9. doi: 10.1038/s41586-020-2008-
3.

6. Magazine N, Zhang T, Wu Y, McGee MC, Veggiani
G, Huang W. Mutations and Evolution of the SARS-
CoV-2 Spike Protein. Viruses 2022;14(3):640. doi:
10.3390/v14030640.

YA Journal of Health and Biomedical Informatics 2023; 10(3): 269-293


http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

|§9.MJ D)LMS ng.ibb b)sb s\i’Y }ﬁ‘l?:

S 3, Coannt 9 Caodaw Sl o] dlxo

7. Sette A, Fikes J. Epitope-based vaccines: an update
on epitope identification, vaccine design and delivery.
Curr  Opin  Immunol 2003;15(4):461-70. doi:
10.1016/50952-7915(03)00083-9.

8. Gershoni JM, Roitburd-Berman A, Siman-Tov DD,
Tarnovitski Freund N, Weiss Y. Epitope mapping: the
first step in developing epitope-based vaccines.
BioDrugs 2007;21(3):145-56. doi: 10.2165/00063030-
200721030-00002.

9. Hastie KM, Li H, Bedinger D, Schendel SL, Dennison
SM, Li K, et al. Defining variant-resistant epitopes
targeted by SARS-CoV-2 antibodies: A global
consortium study. Science 2021;374(6566):472-8. doi:
10.1126/science.abh2315.

10. Larsen MV, Lundegaard C, Lamberth K, Buus S,
Lund O, Nielsen M. Large-scale validation of methods
for cytotoxic T-lymphocyte epitope prediction. BMC
Bioinformatics 2007:8:424. doi: 10.1186/1471-2105-8-
424,

11. Moutaftsi M, Peters B, Pasquetto V, Tscharke DC,
Sidney J, Bui HH, et al. A consensus epitope prediction
approach identifies the breadth of murine T(CD8+)-cell
responses to vaccinia virus. Nat Biotechnol
2006;24(7):817-9. doi: 10.1038/nbt1215.

12. Doytchinova IA, Flower DR. VaxiJen: a server for
prediction of protective antigens, tumour antigens and
subunit vaccines. BMC Bioinformatics 2007:8:4. doi:
10.1186/1471-2105-8-4.

13. Calis JJ, Maybeno M, Greenbaum JA, Weiskopf D,
De Silva AD, Sette A, et al. Properties of MHC class |
presented peptides that enhance immunogenicity. PL0S
Comput Biol 2013;9(10):e1003266. doi:
10.1371/journal.pchi.1003266.

14. Dimitrov |, Bangov I, Flower DR, Doytchinova I.
AllerTOP v.2--a server for in silico prediction of
allergens. J Mol Model 2014;20(6):2278. doi:
10.1007/s00894-014-2278-5.

15. Gupta S, Kapoor P, Chaudhary K, Gautam A, Kumar
R. In silico approach for predicting toxicity of peptides
and proteins. PLoS One 2013;8(9):e73957. doi:
10.1371/journal.pone.0073957.

16. Jensen KK, Andreatta M, Marcatili P, Buus S,
Greenbaum JA, Yan Z, et al. Improved methods for
predicting peptide binding affinity to MHC class Il
molecules. Immunology 2018;154(3):394-406. doi:
10.1111/imm.12889.

17. Wang P, Sidney J, Kim Y, Sette A, Lund O, Nielsen
M, et al. Peptide binding predictions for HLA DR, DP
and DQ molecules. BMC Bioinformatics 2010;11:568.
doi: 10.1186/1471-2105-11-568.

18. Nagpal G, Usmani SS, Dhanda SK, Kaur H, Singh
S, Sharma M, et al. Computer-aided designing of
immunosuppressive peptides based on IL-10 inducing
potential. Sci Rep 2017:7:42851. doi:
10.1038/srep42851.

19. Oladipo EK, Adeniyi MO, Ogunlowo MT,
Irewolede BA, Adekanola VO, Oluseyi GS, et al.
Bioinformatics Designing and Molecular Modelling of
a Universal mRNA Vaccine for SARS-CoV-2 Infection.

Vaccines (Basel) 2022;10(12):2107. doi:
10.3390/vaccines10122107.

20. ElI-Manzalawy Y, Dobbs D, Honavar V. Predicting
linear B-cell epitopes using string kernels. J Mol
Recognit 2008;21(4):243-55. doi: 10.1002/jmr.893.

21. Jespersen MC, Peters B, Nielsen M, Marcatili P.
BepiPred-2.0: improving sequence-based B-cell epitope
prediction using conformational epitopes. Nucleic
Acids Res 2017;45(W1):W24-W9. doi:
10.1093/nar/gkx346.

22. Larkin MA, Blackshields G, Brown NP, Chenna R,
McGettigan PA, McWilliam H, et al. Clustal W and
Clustal X version 2.0. Bioinformatics
2007;23(21):2947-8. doi:
10.1093/bioinformatics/btm404.

23. Kumar S, Stecher G, Li M, Knyaz C, Tamura K.
MEGA X: Molecular Evolutionary Genetics Analysis
across Computing Platforms. Mol Biol Evol
2018;35(6):1547-9. doi: 10.1093/molbev/msy096.

24. Almofti YA, Abd-Elrahman KA, Eltilib EEM.
Vaccinomic approach for novel multi epitopes vaccine
against severe acute respiratory syndrome coronavirus-
2 (SARS-CoV-2). BMC Immunol 2021;22(1):22. doi:
10.1186/512865-021-00412-0.

25. Bui HH, Sidney J, Dinh K, Southwood S, Newman
MJ, Sette A. Predicting population coverage of T-cell
epitope-based  diagnostics and vaccines. BMC
Bioinformatics 2006;7:153. doi: 10.1186/1471-2105-7-
153.

26. Mahmud S, Rafi MO, Paul GK, Promi MM, Shimu
MSS, Biswas S, et al. Designing a multi-epitope vaccine
candidate to combat MERS-CoV by employing an
immunoinformatics approach. Sci Rep
2021;11(1):15431. doi: 10.1038/s41598-021-92176-1.
27. Singh A, Thakur M, Sharma LK, Chandra K.
Designing a multi-epitope peptide-based vaccine
against SARS-CoV-2. Sci Rep 2020;10(1):16219. doi:
10.1038/541598-020-73371-y.

28. Chauhan V, Rungta T, Goyal K, Singh MP.
Designing a multi-epitope-based vaccine to combat
Kaposi Sarcoma utilizing immunoinformatics approach.
Sci Rep 2019;9(1):2517. doi: 10.1038/s41598-019-
39299-8.

29. Pandey RK, Ojha R, Aathmanathan VS, Krishnan
M, Prajapati VK. Immunoinformatics approaches to
design a novel multi-epitope subunit vaccine against
HIV infection. Vaccine 2018;36(17):2262-72. doi:
10.1016/j.vaccine.2018.03.042.

30. Chen X, Niyonsaba F, Ushio H, Hara M, Yokoi H,
Matsumoto K, et al. Antimicrobial peptides human (-
defensin (hBD)-3 and hBD-4 activate mast cells and
increase skin vascular permeability. Eur J Immunol
2007; 37(2): 434-
44. https://doi.org/10.1002/eji.200636379

31. Ahmad TA, Eweida AE, Sheweita SA. B-cell
epitope mapping for the design of vaccines and effective
diagnostics. Trials in Vaccinology 2016; 5: 71-83.
https://doi.org/10.1016/j.trivac.2016.04.003

32. Magnan CN, Zeller M, Kayala MA, Vigil A, Randall
A, Felgner PL, et al. High-throughput prediction of

Journal of Health and Biomedical Informatics 2023; 10(3): 269-293 ya.


https://doi.org/10.1002/eji.200636379
https://doi.org/10.1016/j.trivac.2016.04.003
http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

O )Sed g (Juog pw

SARS-CoV-2 Gl sasgw 1y o9 ! Mo STy

protein antigenicity using protein microarray data.
Bioinformatics 2010;26(23):2936-43. doi:
10.1093/bioinformatics/btg551.

33. Dimitrov I, Naneva L, Doytchinova I, Bangov I.
AllergenFP: allergenicity prediction by descriptor
fingerprints. Bioinformatics 2014;30(6):846-51. doi:
10.1093/bioinformatics/btt619.

34. Gasteiger E, Hoogland C, Gattiker A, Duvaud S,
Wilkins MR, Appel RD, et al. Protein Identification and
Analysis Tools on the EXPASYy Server. In: Walker JM,
editors. The Proteomics Protocols Handbook, New
York:  Humana Press; 2005. p. 571-607.
https://doi.org/10.1385/1-59259-890-0:571

35. Hebditch M, Carballo-Amador MA, Charonis S,
Curtis R, Warwicker J. Protein-Sol: a web tool for
predicting protein  solubility from  sequence.
Bioinformatics 2017; 33(19): 3098-100.
doi: 10.1093/bioinformatics/btx345

36. Magnan CN, Randall A, Baldi P. SOLpro: accurate
sequence-based prediction of protein solubility.
Bioinformatics 2009; 25(17): 2200-7.
https://doi.org/10.1093/bioinformatics/btp386

37. Krogh A, Larsson B, von Heijne G, Sonnhammer
EL. Predicting transmembrane protein topology with a
hidden Markov model: application to complete
genomes. J Mol Biol 2001;305(3):567-80. doi:
10.1006/jmbi.2000.4315.

38. Nielsen H. Predicting Secretory Proteins with
SignalP. Methods Mol Biol 2017:1611:59-73. doi:
10.1007/978-1-4939-7015-5_6.

39. Buchan DWA, Jones DT. The PSIPRED Protein
Analysis Workbench: 20 years on. Nucleic Acids Res
2019;47(W1):W402-W7. doi: 10.1093/nar/gkz297.

40. Geourjon C, Deléage G. SOPMA: significant
improvements in protein secondary structure prediction
by consensus prediction from multiple alignments.
Comput  Appl Biosci 1995; 11(6):681-4.
doi: 10.1093/bioinformatics/11.6.681

41. Kim DE, Chivian D, Baker D. Protein structure
prediction and analysis using the Robetta server.
Nucleic Acids Res 2004;32(Web Server issue):W526-
31. doi: 10.1093/nar/gkh468.

42. Ko J, Park H, Heo L, Seok C. GalaxyWEB server
for protein structure prediction and refinement. Nucleic
Acids Res 2012;40(Web Server issue):W294-7. doi:
10.1093/nar/gks493.

43. Wiederstein M, Sippl MJ. ProSA-web: interactive
web service for the recognition of errors in three-
dimensional structures of proteins. Nucleic Acids Res
2007;35(Web Server issue):W407-10. doi:
10.1093/nar/gkm?290.

44. Colovos C, Yeates TO. Verification of protein
structures: patterns of nonbonded atomic interactions.
Protein Sci 1993;2(9):1511-9.
doi: 10.1002/pro.5560020916

45. Bowie JU, Lithy R, Eisenberg D. A method to
identify protein sequences that fold into a known three-
dimensional structure. Science 1991;253(5016):164-70.
doi: 10.1126/science.1853201.

46. Pontius J, Richelle J, Wodak SJ. Deviations from
standard atomic volumes as a quality measure for
protein crystal structures. J Mol Biol 1996;264(1):121-
36. doi: 10.1006/jmbi.1996.0628.

47. Laskowski RA, MacArthur MW, Moss DS. Tornton
JM. PROCHECK: A program to check the
stereochemical quality of protein structures. J Appl
Cryst 1993; 26: 283-91.
https://doi.org/10.1107/S0021889892009944

48. Hooft RW, Vriend G, Sander C, Abola EE. Errors in
protein structures. Nature1996;381(6580):272. doi:
10.1038/381272a0.

49, Laskowski RA, Jabtonska J, Pravda L, Vaiekova
RS, Thornton JM. PDBsum: Structural summaries of
PDB entries. Protein Sci 2018;27(1):129-34. doi:
10.1002/pro.3289.

50. DeLano WL. Pymol: An open-source molecular
graphics tool. CCP4 Newsletter on Protein
Crystallography 2002; 40(1): 82-92.

51. Ponomarenko J, Bui HH, Li W, Fusseder N, Bourne
PE, Sette A, et al. ElliPro: a new structure-based tool for
the prediction of antibody epitopes. BMC
Bioinformatics 2008:9:514. doi: 10.1186/1471-2105-9-
514.

52. Vajda S, Yueh C, Beglov D, Bohnuud T, Mottarella
SE, Xia B, et al. New additions to the ClusPro server
motivated by CAPRI. Proteins 2017; 85(3): 435-44.
doi: 10.1002/prot.25219

53. Schneidman-Duhovny D, Inbar Y, Nussinov R,
Wolfson HJ. PatchDock and SymmDock: servers for
rigid and symmetric docking. Nucleic Acids Res
2005;33(Web Server issue):W363-7. doi:
10.1093/nar/gki481.

54. Andrusier N, Nussinov R, Wolfson HJ. FireDock:
fast interaction refinement in molecular docking.
Proteins 2007;69(1):139-59. doi: 10.1002/prot.21495.
55. Lopez-Blanco JR, Aliaga JI, Quintana-Orti ES,
Chacén P. iMODS: internal coordinates normal mode
analysis server. Nucleic Acids Res 2014;42(Web Server
issue):W271-6. doi: 10.1093/nar/gku339.

56. Bansal S, Dalrymple O, Gaffar A. Design,
development, and implementation of the instructional
module development system (IMODs). 122nd ASEE
Annual conference and Exposition; 2015 Jun 14-17.
Seattle, WA:  American Society for Engineering
Education; 2015.

57. Grote A, Hiller K, Scheer M, Miinch R, Noértemann
B, Hempel DC, et al. JCat: a novel tool to adapt codon
usage of a target gene to its potential expression host.
Nucleic Acids Res 2005;33(Web Server issue):W526-
31. doi: 10.1093/nar/gki376.

58. Smith CL, Econome JG, Schutt A, Klco S, Cantor
CR. A physical map of the Escherichia coli K12
genome. Science 1987;236(4807):1448-53. doi:
10.1126/science.3296194.

59. Sharp PM, Li WH. The codon Adaptation Index--a
measure of directional synonymous codon usage bias,
and its potential applications. Nucleic Acids Res 1987,
15(3): 1281-95. doi: 10.1093/nar/15.3.1281

Y4y Journal of Health and Biomedical Informatics 2023; 10(3): 269-293


https://doi.org/10.1093%2Fbioinformatics%2Fbtx345
https://doi.org/10.1093/bioinformatics/btp386
https://doi.org/10.1093/bioinformatics/11.6.681
https://doi.org/10.1002/pro.5560020916
https://doi.org/10.1002%2Fprot.25219
https://doi.org/10.1093%2Fnar%2F15.3.1281
http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

|§9.MJ D)LMS ng.ibb b)sb s\i’Y }ﬁ‘l?:

S 3, Coannt 9 Caodaw Sl o] dlxo

60. Samad A, Ahammad F, Nain Z, Alam R, Imon RR,
Hasan M, et al. Designing a multi-epitope vaccine
against SARS-CoV-2: an immunoinformatics approach.
J Biomol Struct Dyn 2022; 40(1): 14-30.
doi: 10.1080/07391102.2020.1792347

61. Tahir Ul Qamar M, Shahid F, Aslam S, Ashfaq UA,
Aslam S, Fatima I, et al. Reverse vaccinology assisted
designing of multiepitope-based subunit vaccine against
SARS-CoV-2. Infect Dis Poverty 2020;9(1):132. doi:
10.1186/540249-020-00752-w.

62. Rapin N, Lund O, Bernaschi M, Castiglione F.
Computational immunology meets bioinformatics: the
use of prediction tools for molecular binding in the
simulation of the immune system. PLoS One 2010; 5(4):
£9862. doi: 10.1371/journal.pone.0009862

63. Jalal K, Abu-Izneid T, Khan K, Abbas M, Hayat A,
Bawazeer S, et al. Identification of vaccine and drug
targets in Shigella dysenteriae sd197 using reverse
vaccinology approach. Sci Rep 2022;12(1):251. doi:
10.1038/s41598-021-03988-0.

64. Ong E, Wang H, Wong MU, Seetharaman M,
Valdez N, He Y. Vaxign-ML: supervised machine
learning reverse vaccinology model for improved
prediction of bacterial  protective  antigens.
Bioinformatics 2020;36(10):3185-91. doi:
10.1093/bioinformatics/btaall9.

65. Kathwate GH. In silico Design and Characterization
of Multi-epitopes Vaccine for SARS-CoV2 from Its
Spike Protein. Int J Pept Res Ther 2022;28(1):37. doi:
10.1007/s10989-021-10348-z.

66. Kar T, Narsaria U, Basak S, Deb D, Castiglione F,
Mueller DM, et al. A candidate multi-epitope vaccine
against SARS-CoV-2. Sci Rep 2020;10(1):10895. doi:
10.1038/s41598-020-67749-1.

67. Heo L, Park H, Seok C. GalaxyRefine: Protein
structure refinement driven by side-chain repacking.
Nucleic Acids Res. 2013; 41(Web Server issue): W384-
8. https://doi.org/10.1093/nar/gkt458

68. Dong R, Chu Z, Yu F, Zha Y. Contriving Multi-
Epitope Subunit of Vaccine for COVID-19:
Immunoinformatics Approaches. Front Immunol
2020:11:1784. doi: 10.3389/fimmu.2020.01784.

69. Messaoudi A, Belguith H, Ben Hamida J. Homology
modeling and virtual screening approaches to identify
potent inhibitors of VEB-1 B-lactamase. Theor Biol
Med Model 2013:10:22. doi: 10.1186/1742-4682-10-
22

70. Ramachandran GN, Ramakrishnan C, Sasisekharan
V. Stereochemistry of polypeptide chain configurations.
J Mol Biol 1963:7:95-9. doi: 10.1016/s0022-
2836(63)80023-6.

71. Lovell SC, Davis IW, Arendall WB 3rd, de Bakker
Pl, Word JM, Prisant MG, et al. Structure validation by
Calpha geometry: phi, psi and Cbeta deviation. Proteins
2003;50(3):437-50. doi: 10.1002/prot.10286.

72. Minch MJ. An introduction to hydrogen bonding
New York: Oxford University Press; 1997.

73. Morla S, Makhija A, Kumar S. Synonymous codon
usage pattern in glycoprotein gene of rabies virus. Gene
2016;584(1):1-6. doi: 10.1016/j.gene.2016.02.047.

74. Ali M, Pandey RK, Khatoon N, Narula A, Mishra A,
Prajapati VK. Exploring dengue genome to construct a
multi-epitope-based subunit vaccine by utilizing
immunoinformatics approach to battle against dengue
infection. Sci Rep 2017;7(1):9232. doi:
10.1038/s41598-017-09199-w.

75. Yang Z, Bogdan P, Nazarian S. An in silico deep
learning approach to multi-epitope vaccine design: a
SARS-CoV-2 case study. Sci Rep 2021;11(1):3238. doi:
10.1038/541598-021-81749-9.

76. de Wilde AH, Snijder EJ, Kikkert M, van Hemert
MJ. Host Factors in Coronavirus Replication. Curr Top
Microbiol Immunol. 2018:419:1-42. doi:
10.1007/82_2017_25.

77. Guo S, Liu K, Zheng J. The Genetic Variant of
SARS-CoV-2: would It Matter for Controlling the
Devastating Pandemic? Int J Biol Sci 2021; 17(6): 1476-
85. doi: 10.7150/ijbs.59137

78. Roush SW, Murphy TV; Vaccine-Preventable
Disease Table Working Group. Historical comparisons
of morbidity and mortality for vaccine-preventable
diseases in the United States. JAMA
2007;298(18):2155-63. doi: 10.1001/jama.298.18.2155.
79. Callaway E. Fast-spreading COVID variant can
elude immune responses. Nature 2021;589(7843):500-
1. doi: 10.1038/d41586-021-00121-z.

80. Islam MR, Hoque MN, Rahman MS, Alam
ASMRU, Akther M, Puspo JA, et al. Genome-wide
analysis of SARS-CoV-2 virus strains circulating
worldwide  implicates heterogeneity.  Sci  Rep
2020;10(1):14004. doi: 10.1038/s41598-020-70812-6.

81. Oluwagbemi OO, Oladipo EK, Kolawole OM,
Oloke JK, Adelusi TI, Irewolede BA, et al.
Bioinformatics, Computational Informatics, and
Modeling Approaches to the Design of MRNA COVID-
19 Vaccine Candidates. Computation 2022; 10(7): 117.
https://doi.org/10.3390/computation10120211

82. Nezafat N, Ghasemi Y, Javadi G, Khoshnoud MJ,
Omidinia E. A novel multi-epitope peptide vaccine
against cancer: an in-silico approach. J Theor Biol
2014:349:121-34. doi: 10.1016/j.jthi.2014.01.018.

83. Lee S, Nguyen MT. Recent advances of vaccine
adjuvants for infectious diseases. Immune Netw 2015;
15(2): 51-7. doi: 10.4110/in.2015.15.2.51

84. Oyarzun P, Kobe B. Computer-aided design of T-
cell epitope-based vaccines: addressing population
coverage. Int J Immunogenet 2015; 42(5): 313-21.
https://doi.org/10.1111/iji.12214

85. Chukwudozie OS, Gray CM, Fagbayi TA,
Chukwuanukwu RC, Oyebanji VO, Bankole TT, et al.
Immuno-informatics design of a multimeric epitope
peptide-based vaccine targeting SARS-CoV-2 spike
glycoprotein. PLoS One 2021;16(3):e0248061. doi:
10.1371/journal.pone.0248061.

86. Durdagi S, Tahir Ul Qamar M, Salmas RE, Tariq Q,
Anwar F, et al. Investigating the molecular mechanism
of staphylococcal DNA gyrase inhibitors: A combined
ligand-based and structure-based resources pipeline. J
Mol Graph Model 2018:85:122-9. doi:
10.1016/j.jmgm.2018.07.010.

Journal of Health and Biomedical Informatics 2023; 10(3): 269-293 yay


https://doi.org/10.1080%2F07391102.2020.1792347
https://doi.org/10.1093/nar/gkt458
https://doi.org/10.7150%2Fijbs.59137
https://doi.org/10.3390/computation10120211
https://doi.org/10.4110%2Fin.2015.15.2.51
https://doi.org/10.1111/iji.12214
http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html

[ Downloaded from jhbmi.ir on 2026-06-13 ]

[ DOI: 10.34172/jhbmi.2023.31 ]

O )Sed g (Juog pw

SARS-CoV-2 Gl sasgw 1y o9 ! Mo STy

87. Gopalakrishnan K, Sowmiya G, Sheik SS, Sekar K.
Ramachandran plot on the web (2.0). Protein Pept Lett
2007;14(7):669-71. doi:
10.2174/092986607781483912.

88. Galanis KA, Nastou KC, Papandreou NC, Petichakis
GN, Pigis DG, Iconomidou VA. Linear B-Cell Epitope
Prediction for In Silico Vaccine Design: A Performance
Review of Methods Available via Command-Line
Interface. Int J Mol Sci 2021;22(6):3210. doi:
10.3390/ijms22063210.

89. Abraham Peele K, Srihansa T, Krupanidhi S,
Ayyagari VS, Venkateswarulu TC. Design of multi-
epitope vaccine candidate against SARS-CoV-2: ain-

silico study. J Biomol Struct Dyn 2021;39(10):3793-
801. doi: 10.1080/07391102.2020.1770127.

90. Pandey RK, Bhatt TK, Prajapati VK. Novel
Immunoinformatics Approaches to Design Multi-
epitope Subunit Vaccine for Malaria by Investigating
Anopheles Salivary Protein. Sci Rep 2018; 8(1): 1125.
doi:10.1038/s41598-018-19456-1

91. Khalid K, Irum S, Ullah SR, Andleeb S. In-Silico
Vaccine Design Based on a Novel Vaccine Candidate
Against Infections Caused by Acinetobacter baumannii.
IntJ Pept Res Ther 2022;28(1):16. doi: 10.1007/s10989-
021-10316-7.

yay Journal of Health and Biomedical Informatics 2023; 10(3): 269-293


https://doi.org/10.1038/s41598-018-19456-1
http://dx.doi.org/10.34172/jhbmi.2023.31
http://jhbmi.ir/article-1-796-fa.html
http://www.tcpdf.org

