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ABSTRACT

Coccidiosis is caused by various species of Eimeria, a protozoan parasite belonging to the
phylum Epicomplexa.This disease is one of the common diseases in poultry that causes major economic losses all over
the world. Due to the experience of economic loss in production and prevention of the disease and occurrence of
chemical resistance, researches have been shifted toward alternative approaches such as immunologic methods. Vaccine
preparation is an alternative way in which choosing an appropriate protein with high immune induction potency is a
prerequisite. In addition according to studies, using more than one protein could better enhance the immune induction
and antibody production. Choosing immunogenic epitopes from selected proteins and adjoining them with a suitable
linker is one of the novel approaches in vaccine design.

W EVCTHE T MY (Sllglelel Based on the fact that both IMP-1 and AMA-1 proteins of Eimeria were previously
recognized as potent immunogenic antigens, we predicted the immunogenic epitopes of these proteins by
immunoinformatic methods. Among studied epitopes, those that were met by multiple bioinformatics tools were used.

Finally, the polytopic construction was designed by assembling the selected epitopes and connecting
thoseusing suitable linkers.

Using immunoinformatic tools, we predicted the characteristics of two genes of Eimeria strains as fused
potent vaccine candidates namely, AMA-1 and IMP-1.

&R AMA-1, IMP-1, Eimeria, Poultry, vaccine design, Iran

Received: 2023.10.07 Accept: 2024.21.01 Final Edit: 2024.29.01 Online Publish: 08.02.2024

Zahra Asadollahi , Zahra Asadollahi , Assistant professor of Department of Pathobiology, Faculty

Corresponding i o e ' ' ]
of Veterinary Medicine, Lorestan University, Khorramabad, Iran. Email: asadolahi.za@lu.ac.ir

Information:

Copyright © 2023, This is an original open-access article distributed under the terms of the Creative
Commons Attribution-noncommercial 4.0 International License which permits copy and redistribution of the
material just in noncommercial usage with proper citation.

¥


mailto:asadolahi.za@lu.ac.ir
https://www.orcid.org/0000-0002-7271-7719
https://www.orcid.org/0000-0000-0000-0000
https://www.orcid.org/0000-0002-3319-7992
https://jahid.lu.ac.ir/

P> (Fahe b (5 low 9 Codlage
Yojlad ) Jlo
https://jahid.lu.ac.ir/ : s axio

Sl ygilgigen! (5l g, 31 o3l b youb (sl e/ (51505 lom (SLISS (g2 (puuSTy K B3l (ST L
¥ 3l desto e T ool s Oye e Y adlanl |ya

Oyl blp 3« bias J olBiily (Kb jual 00Kl ¢ 65lgmail 09,5 Jboliwl .Y
Al s lus S asly Sl oKizils LY

Sl ln S luwe 5 sy 15T oK (S joals .Sl ¢ alSiles pole 05,8 .Y

oS

Solor ol ol (eSS gl 8L 4y lato (glazdly S5 STl S o 3l Lo/ Cilies slaisS |y e oS RPN
2 obail (b g om0 dbnl @ g b pgle )b 4 Glotes laml (layps ol gl > & Cusl b > @l slagslen I S
A Cawl 0 00> Bow Siglgiaes] (sl gy aile 1l (olad, sy Cuows & Dliidns ¢ pliowd Cuoglio Gop 5l (Kb g9 youbo Cario
G ol g ogdle 25 o Cguome L5 S S YL el Gl )8 b cslio (g S OBl ol 3 &l (le gy STy
SoSen j| Sjgignl o ol Gl amd (Il e 1y ol (S g5 g el S Slg5 oo g SO I i I edlatul il

ol Sy ol 3 dats (clmdySag) §) (oS ccmolio B1imd igm S b ) (il 5 Kito

ol 3 elodds aid il (668 (gl5 ol dh’u)u""] Olsis M..é /;).0.3/’ AMA-L 5 IMP-1 . Sgp 93y &Sl 4 4545 L [HES 039) 9 a0
S oo ol eud sy sloggl o 0 Wlad i (e Silojsiil gsel Glabey b sy cnl Sigise] slaosigl adlles
A 00l ead b daxie Ko yeiilon (slaylil b

A5 b Sog bl cwlie sla, Sl b bl Jlasl g obsl glaog o) Jlas! L HEREEE

Slsie 4 5 005 oS5 Lpar] UK Slatig ) IMP-1 5 AMA-L (55 55 s gl «Sloysil gigasl cslaf3) J ool |, GV

A i 598 STy sl als
Al STy (b s e/ IMP-1 « AMA-1 HESS RN (S

VEY/V/IY 2 oWl L VET/N /A als pialts VEST/NY/0) 1 b VELY/ 410 il

Ll Ul ¢yl ) SIS WS pold DSl ¢ 5 55lamsily 09,5 ¢ stdlwnl 132 1] giuno Bukinns g3 e

Email: asadolahi.za@lu.ac.ir

L)y €0 oS sl ol 3] s yiood b alio K ] YV © s 3>

() O doe 35 9 (oS 0l &S Cuwl 00l m 5o Creative Commons Attribution-noncommercial 4.0 International License

BY NG

W2 o culio Sl b 6yl e oalitnl jo ladd 1) Cllas

¥o

sl 15


mailto:asadolahi.za@lu.ac.ir
https://www.orcid.org/0000-0002-7271-7719
https://www.orcid.org/0000-0000-0000-0000
https://www.orcid.org/0000-0002-3319-7992
https://jahid.lu.ac.ir/

M ey il Ly sotisS S 4 (Sl ade Wl e
S g KPS el g L] bya] e Ly
S slog] tag) o MgunSy 2l LuSleS ) 2515 ol IS
o o gn b b pgmalinasTy 4 Slosls oLt Calises clulllan
wilizca (glanygiS'y 31 odlizl b £ya/ (sladiS 1 IMP-1 o5 e
5 )°) 1S 0 bl Lpr 4 (Sogll adle (gpSada o) Gly
Osie & & sl K03 liE ey ey AMAL (1)
SIS 1 ol > Sly 286 Gggml B
3 g d9b 0 il bagig Sun I el ond aslis LuSbeS Ll
oz osSen ool el Sy eSO SIS it

(O 93) 3l JS51 3585 4] 3 Jobo )3 aie i

Surs o) sn slopusly 4 Blosls i 6yl linios
Wile susie (flisilenr Jolos ply )3 2V el g 2D Gl
0 &5 wang) b woany (LYL) pobedl ppdgandl
rospissil g slisS lawdipuSy cdiipaply Mowarls Sy
YL iz Bl iggel (g da ) eslatl gy 5> it
ol 100 5 V)l 55 T S5 (sleyuSTy 51 oolitl 4 Capas
Gan b 1y byer/ AMA-L 4 IMP-1 (gl 5t adlbs oyl o
e yo 4 (gyhe 5 09l S ol (Ao (mSly S bx
3 T oo sl gl ool ) odlizal U e/ (slodisS
SLSESS Sl yp ol sl 008 (yp B Jole
A bl s pigeml sbosigl plels car Sloysiilgsel
odd odlatwl biee 5 desl Fuol @ o g ol cpl (isu

L

S8 9990190

Loy (gleisalimm! g5 <l

wwoywd oyl b IMP-1 0 glanisn 51 S Jly

losuSTols o] (5l CBLBOB3T.1 4 Mists a5l CbIB0638.2
S g g elisl YVE 5 YAV (ool 4 oy
5 My (5l XP-013234756.1 oo i ol 4 AMA-L
G5V sl Jsb & iy & loaSTol a5l CEH27561.1

FASTA Cwy 9 ub cdb, (hitp://www.uniprot.org/)

W) ox}:)

v

OS2 o ol )25

dosdo

S S e/ dile gaig Ay 4 jpaSss
oo el 395 cn Sl duSliaSinl 8505 4 slato Sl loSs
hlad ol plyw )3 & Cwl jolbo > @) Sasilon i (S
b oodlgls ol clacl (Yo V) dyglee 50 a4 S (oolail
B G Sil bl don g 2igd o aBLd 295 o) uShiS
2 gl GCaggl g 5l eSS e Jolo
S0 5K 355 9 039l By camd e &) e slag e
Sl sl o WS o 8> bie Gy )] Bauugyl casily
OSes bunmggl 35d 00 SB g s ol Olégd)S o Ss
il wld «linss Wl (S8l sl Jobs dlws 4 ol
SorenS oS L (V)0igd Jitie 55 Clls plo g dasyje o]S)6
5 Molpar] (¥) S0 5550 1) o 839) Syl (sla sk
Coly g $ypb slpo/ GBS 005 1 olo ST o/
parl SodisS ey (Bg F)ugdio po9Sye g S Sluls
el wly o g w3 o 43 5l cov |y aa VALY By,
Vgoan 42,30 Lulyid 13 290 lgr slo a9 )3 Jgd yrogSpm
VAVY Jlo 515 5 8) dgd e bl blise Sygo 4 (Sl
)95 S Ssn (B jpspassS S8 sl 2 sl
4 kil iS58 5| e 5Yb edlitl o Jlo ol b L lodgs
Ol el o 0ad Lp/ ojlitie 2 IS ks 4 e 2l
(V) 258 oS Sas yshgin lag)h pled 4 cuslis
2 9 o¥le (Bl BNy JuaenS o ) (291> Ceoglie S
lagyls G yuao §) litsl (sl 008 b a5 ¢ygubs Y guae
SlaS 5 5l oolatal Cusgion p (e L)l dabol pMel g (oo
2lr 3 ssk GgrelinSly 4 dog el jpanS Sas olesd
S e ol sl Olls (A) Cud old eSS
b colas 5281 ot ol Ko DNA  tee slaiusly
2 S eal abul jd sy oSy 5 olewd slayleys
IS ol ((A) 28l e pbawS S lacisie plp
28 Sl Sy Sl ool joraenSsS JpuS 3 S50 slashs,
Sre b Gl Gigeml boSsn e L) rex
ool IMP-1 3giges] cslogstian ol 5l S ()+) Shooys
DSl S glgsa &8 cul lalid By IMP-1

U)(_S”j UJ] Lol 0dd u.:L»Lw} [MJ 2 L)o)/ » &U)ywl


http://www.uniprot.org/

Kyte i yo3l 5 oalil b 390 35,501 b cawgs Ol (glay S5ag
Spdlasl g mow 39 wyiwd j3 A5 )y & Doolittle
Karplus & 5 Emini sl o0, 51 eolatwl b ey @
eyl eslatel bodd i Liw sl Gy ol b )y Schulz

S u.:l!b uyu.:l wLQ(v P9 1AW ) Cdd 4 Chimera )I)S]

WAl Gl Bags (15 yme 53 g LB (6 ik (w piwd D
s A lyb Bilw (gaxy dw g (g 93 sl L (&40

PSIPRED g, jl oslatwl b oas sl Jao (gan g0 jlidlo
https://npsa-) GOR IV 4 (https://bio.tools/psipred)

pbil.ibcp.fr/cgi-
( bin/npsa_automat.pl?page=/NPSA/npsa_gor4.html

5L ITASSER gy 51 oslizol b cypiomo o5 5000 5 5Ll

chol g (owyp yobaie 4 G S (Ahb ol (can aw
olulablely BT 5 ons Jae (gdm aw Hlsle Jlas! claslpl
b oolawl My

s b Bjlw U]

ol 4 AllerTOp V. 2.0 jgyw 5l oslatwl b ojle sl
Wb oy (hitps://www.ddg-pharmfac.net/AllerTOP/)

sare 3 odlial b ol uf Bl g Mo lie cnien
(http://scratch.proteomics.ics.uci.edu/) s 4 SOLpro

PROsa 5l coly » A bl
cqa  (https://prosa.services.came.sbg.ac.at/prosa.php)

A odlaw! A)L» u.:l.e‘; )JLT

&8lg 4> g oo 0> oyl Z-Score I eslaiwl b ojlw (IS cuds
oy don Z-ScOre Jold ol Jas o> 0 Z-Score
3 el odd Ly il oKislejl 5 a5 ol kg p
Gl ooy, ol ol cags dilize ey 5y WMy )

Gl o odlazl (NMR 5 X-ray) calises molio jl

s B3l g5w o3l g s

9 5l a5l ojle aub g odd 3k (slagpy Pl 3l g
o el G Ll Sl obend g3
Jeat aoby 5l eolatwl b Oi s 5988 5 A 4es s DNA

ape Ecoli 8L 5 (6,5,0,8 cus (http://www.jcat.de/)

s b o] 5158 o SASS glp puSTy W Bl (Aib

oy, (502 duw i (550 e

PDB  jopw & Sy (i aw )bl glsaul oo
(https://www.rcsb.org/)  w,s! 4 (Protein Data Bank)

ol Db slo piigp (sdm dw Hldle 255 o 4 a8 0 asslye

G 3 gl s jl3le (glo Jao 4 pll g ol
ol & ITASSER ol

. (https://zhanglab.ccmb.med.umich.edu/lI-TASSER/)

B sdsw (sl (ol G b

2 s dw )l B gla oo ooy gl oiie cae
ool 4 IEDB j55 ;3 PDB b > lapyfiyn jI o

Oliee oYl yelaie & b 5ylg (hitps://www.iedb.org/)

5 Ellipro L3 5l o Gy JIp) g b bogal (]
el Calid 3 g M (uyn s9pe (il ) 39290 Discotope

Sad bl dgy Il i 58le5 500 45 Sl
T gl sbog ol ol

ool 4 NetMHCpan 4.1 (clajgpw I jebate op
https://services.healthtech.dtu.dk/services/NetMHCpan

u»,ﬂ & NETMHCIIPAN3.2 5 /-4.1
https://services.healthtech.dtu.dk/services/NetMHCIIpa
A5 ooléwl /n-3.2

S o]

slbogol oad Shb bile il min e bis ceo
pr d ply Gl 5 cow S gg 90l eolatal L bl

o — (S0 58 (S (SHg (S o

esliiwl booss Shb sjle olews — (Sopb v S
<https:/bio.tools/bcepred oyl 4 BeePred (claygpm

ExPasy-Protscale 5 IEDB

cd)s 8 bl 50 (Nttps://web.expasy.org/protscale/)

Sllasil ¢0)39: o yaod )3 Slgyiep Joli drg5 3)90 (sloyeiSl

Osonen g el dinel Iy 60515 (opme 3 9 ndb


https://www.rcsb.org/
https://zhanglab.ccmb.med.umich.edu/I-TASSER/
https://www.iedb.org/
https://services.healthtech.dtu.dk/services/NetMHCpan-4.1/
https://services.healthtech.dtu.dk/services/NetMHCpan-4.1/
https://services.healthtech.dtu.dk/services/NetMHCIIpan-3.2/
https://services.healthtech.dtu.dk/services/NetMHCIIpan-3.2/
https://bio.tools/bcepred
https://web.expasy.org/protscale/
https://bio.tools/psipred
https://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_gor4.html
https://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_gor4.html
https://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_gor4.html
https://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_gor4.html
https://www.ddg-pharmfac.net/AllerTOP/
http://scratch.proteomics.ics.uci.edu/
https://prosa.services.came.sbg.ac.at/prosa.php
http://www.jcat.de/

MIKLKFGVFFIVLLSSAYAHGTPONITDLCAEDHN
TQIHTLNDKIFSYTESLAGKREMAIITFKNGATEQ
VEVPGSQHIDSQKKAIERMKDTLRIAYLTEAKVEK
LCVWNNKTPHAIAAISMANPAPAPALEIQQGNGIT
LAAYKKAADEMEASLLLAAYKKGENNNWAIAAAYKKA
EEALPDSAGSGSGSFLLHTGPIEGSGSGSFYAAELN
EGGSGSGSLLASFVPPKGSGSGSLQQNGGITFGSGSGS
FAAVPSCFLGSGSGSFVYDAAAKSGSGSGSFVLHVS
MOKGSGSGSLAYVTSSGRKKSEREPANASDGKDTN
PTNKKQRTDFVQDEAATGRGKKRQSDLVQQPAPAP
AMIKLKFGVFFIVLLSSAYAHGTPQNITDLCAEDH
NTQIHTLNDKIFSYTESLAGKREMAIITFKNGATF
QVEVPGSQHIDSQKKAIERMKDTLRIAYLTEAKVE
KLCVWNNKTPHAIAAISMAN

STy 8IS 2as b St gl o bilur 1) JS

bl ol ( JsSUse 055 12 boani s 8 Oluoguad
9 YAY c OVWAIYY i @ ojle ol S6,iSlgs) alas g anl
S oSle 5 ond awbre Sl Sul g AV
4 Protparam 4l ;I eslaiwl L (GRAVY) wwsls,sun

A s =+ IYEY  VOIYD

5 FE Ll (ASPHGIU) it 55l b atel (gladgsl S slass

L3gr dae ¥4 (Arg + Lys) cote 5,5 b aiel clawl

i 5 Lo 16an Aw g an 93 Sl (il
¥ US55 PSIPRED (M jgpe 51 oslil b 008 i i
oy 3 odel Cund 4 ol &S b len ol sad ey lis
ZY" )] ol ‘_5.>|)]o u».f)9): And e uL») \y ng 9 GOR IV
JigS /0+1¥ 4 (Extended Strand) aws, VA7 (H) (oSide W
oS ojl ol pows sl ¥ S izman sl o0 St (C)
o5 ) caol 01 sLb ITASSER oMl jgpm Ay 4
Gy 0dd 005 (e (liebl dn > #8lg j5 48" C.ScOre e o
83ga0m0 Cuwl ITASSER L odd s (i gl Joo cuds
pols sads shb Jie o &S cwl 0= BY 4 C-Score Jlo g

Gl Jod LB loebl an > aiad ol 48" casl —V/FY

o3> s T-Score b jom oyl bwg sad Slb Jao Ll
Sl e Sl o Sbles +/0 | S TM oS 355 0
Jo &S Cuslize cpl & <NVl a8 TM Lol 5 sl Jio S
Sy +IY yobs Jao o TM-Score .cul dolas oud b
)y (Root-Mean-Square Deviation) RMSD <! y sgMe

ROWRY /0 =2 VAW, L VR

¥4

OS2 o ol )25

5 53 bl 95y oS dgaze (sl muil e LD (g5l
o3bol Cuslio Sl ooy )3 (35515 Can g €8S JE Iy

=

‘NetMHCpan 4.1 (slaygp ;1 oolitwl b ilacg ol Gl
cabli | <o oyl JEDB 4 NETMHCIIPANS.2
AMA-L 5 IMP-1 (slaguiSgn 5l Sopn lp Yo aljsel
2 b ool bl wloads sl lis V Jada pd &8 ab Gl
Gl gl den g 039 Siloygiilige] saste (slajll b

Slo3gs jtol o 5YL (gl g s 51 oISy 53 s

CT el v €S Oeg R
QRTDFVQDEAATGRGKKRQSDLVQQ B Cell
LAYVTSSGR MHC Class 2
FVLHVSMQK MHC Class 2
FVYDAAAKS MHC Class 2 AMA1
FAAVPSCFL MHC Class 2
AEEALPDSA MHC Class 1
GENNNWAIA MHC Class 1
SEREPANASDGKTNPTN B Cell
LQQNGGITF MHC Class 2
LLASFVPPK MHC Class 2 IMP-1
FYAAELNEG MHC Class 2
FLLHTGPIE MHC Class 2
AADEMEASLLL MHC Class 1
LEIQQGNGITL MHC Class 1

IMPL s AMAL (gl piigy 5l aud bl g ©gi (a1:) Jooa

g5 9 2 iwlio ) b Jlail g o5lw o,b
o sla,Sid 5 (KK 5 GSGSGS) iy cillasl sl S
Slhogio) wy 4 a5 olizd (AAYKK s PAPAPA)
AMAL 5 MHC CLASS 1 «IMP-1 5 MHC CLASS 1
& by ooy gl puw b Jate oo 4 AAYKK S L
AMAL 5 MHC CLASS 2 4 IMP-1 -5 MHC CLASS 2
B CELL 4 by slagi ol 3 GSGSGS il 5l solisal |
St wp & KK Si) L AMAL s 5 IMP-1 55 sl

ol 0dds 03y L YV S5 5 ol B3l s



Sl pot] 1305 slont (S35S (12 STy 2 Bjlw (S b

.. . . . " . W . 10 20 30
29 51 0l b STy B Sr3 (2l (Hgo 05l 93 ) Lo 2 JSUD T MI KLKFGVFFI VLLSSAYAHGTPQNITDLC
(ol B, b i 5 4 diady 9 s Ly ilxio Syl WT) GOR IV 51 SIAGKREMAI I TFKNGATFQVEVPGSQHID
. . . M AKVEKLCVWNNKTPHAI AAI SMANPAPAPA
(3loasd 2313 (i 50,8 9 (26555 ¢jums 159 MEASLLLAAYKKGENNNWAI ARAAY KKAEER
201 6S6SG6GSFYAAELNEGGSGSGSLLASFVPPEK
2% SFAAVPSCFLGSGSGSFVYDAAAKSGSGSG
1 TSSGRKKSEREPANASDGKDTNPTNKKQRT
3 QQPAPAPAMI KLKFGVFEFFIVLLSSAYAHGT
401 DKI FSYTESLAGKREMAI | TFKNGATFQVE
4 WRIAYLTEAKVEKLCVWNNKTPHAI AAIL S M
10 20 30
Strand Helix Coil
_‘ Disordered, protein binding Putative Domain Boundary Membrane Interaction

PSIPRED pWl g s 1 00Wkan! b s (gius ybns (50123 93,0 law 2 IS5

GOR4 :
Alpha helix (Hh) : 147 is 3@.50%
ITASSER 1500 Aoy it s ol s s s . 5 340 helix (Gg) : 0 is 0.00%
Pi helix (Ii) : @ is 0.00%

Beta bridge (Bb) : @ is 0.00%

a5 ) St i 9 G A LSl S Lus
w3l e et g i " Extended strand (Ee) : 92 is 19.09%

SN S ol L M olyBlelely Sl edel s 4 guls U

Beta turn (TE): 0 is ©.00%

Lo CunS uimmen (B JS5)05jlxe ddlate )3 disel (slas! Bend region (Ss) : 0 is 0.00%
5 oozl b 003 ol 5l b a0l 35 PIOSA gy oy 4 Ranc.!om coil (Cc) = 243 if. 50.41%
) sl e AllerTOP v.2.0 w56 Ambiguous states (?) : @ is 0.00%

8 o O3] lyie 4 AllRITOP V2.0 0,80 59 Other states : @ is 0.00%

Helix —
|
1

MIKLKFGVFFIVLLSSAYAHGTPQNITDLCAEDHNTQIHTLNDKIFSYTESLAGKREMATITFKNGATFQ
eeeeeee ee hhhhhhhhhc chhhhhhhh ee
VEVPGSQHIDSQKKAIERMKDTLRIAYLTEAKVEKLCVWNNKTPHATAATSMANPAPAPALEIQQGNGIT
ee hhhhhhhhhhhhhhhhhhhhhceeeeeeee eeehhhh hhhhh hh
LAAYKKAADEMEASLLLAAYKKGENNNWATAAAYKKAEEALPDSAGSGSGSFLLHTGPIEGSGSGSFYAA
hhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhh eeee hhhh
ELNEGGSGSGSLLASFVPPKGSGSGSLQQNGGITFGSGSGSFAAVPSCFLGSGSGSFVYDAAAKSGSGSG
hh eeeee ee eeee eeceeee eeeeee
SFVLHVSMQKGSGSGSLAYVTSSGRKKSEREPANASDGKDTNPTNKKQRTDFVQDEAATGRGKKRQSDLY
eeeeee eeeeee hhhhhhhhh hhhhh
QQPAPAPAMIKLKFGVFFIVLLSSAYAHGTPQNITDLCAEDHNTQIHTLNDKIFSYTESLAGKREMATIT
hhhhhh eeeeeee ee hhhhhhhhhc chhhhhhh
FKNGATFQVEVPGSQHIDSQKKAIERMKDTLRIAYLTEAKVEKLCVIWNNKTPHATAAISMAN
h eeee hhhhhhhhhhhhhhhhhhhhhceeeeeeee eeeeeeee

My ol ylalely g o (o 1)b 3l 3UT 1 Juols s 0 JSWS

9y 3l oel Cuwd 4y s 1epiig M)u:" 9 CalMl>
L g cudMs +/AY Jloisl b piigy (pl &8 oy las SOLpro

i

|1

ol sy 5] cawols glyls +/AY Jlazs]

(VEY ol 5mb) Jof o lowd J! Jl



2 o9 gmlicaSly 0jgpel NS o Sl Epe hygn Cato
e b SorenS'sS ite 3Ll Sl e sl ol i
saaie ol 2l (S cpl gy LS55 By 4o dongd b sl
4 byl slacigie ol & (Sl Saz g oy
S gl bl dge sl STy (b o s o 2S5,
sl ybey 5l eolatul Gua b e cpl (VA 9 WY AF) cuwl
OeSly LA (5 ol W2 Bl S Mgl Silo)giilgige]
8 plol bl Lya/ ade S el gl Gl 4 0B &S

Cw!

Gbal g Gnpin Slglpgel sdSey, ) Cdpin
ol Gl @ agslan Jole ol Sisigel baomile
@ e Cwl (See o Cgllasl el Fuly Sbml 5 (Jole
S o Sl b ol & Cand JSUI (s I Rl
e o cel da by plo 4 Cud (b Glie U (pionen
Syl (VY g Ve ) 34800 20l )8 STy g5 g oyloj p
Sgdise ol gl €8 Golol 09 gl i Gl 3 S
Ol N5 ptelae YU LB L1 el slagusSTy (Sl 1L
IEDB (slaygpm jloslital LT 9B (slaJob clo 0ol (s
Sl ly byl cpl Gimeh cpdis 2gd 0 plosl Netmhepan
Slo3,S 12l (g9l W lappsTly duwg g bogial (Gnoin
5 Moy M B 2O baylpl oyl <y asol den9 L (YF 5 VY YY)
9 (05 28 & pastie | luebl (gl Lol ol lawgio s 3 YL
5 aps ey el il boss lols ol LS
ONLES sl 3linyge 00l e e Sl @il yde Jilos
Ot 058l Cunl (e STy (b > e (b 05
9 L_<J9~\) LS .)L’>u| [:)«/’;_o.lw d‘.ﬁ%}f ﬁl).g 5 |) cladlo
T sl ol plesl & 158 oy ¥30 o Kaa
ol 2 (Y0) &S 4l Lyar USG5 8T Samn 2 Sy
wilieo sblpl Ay @ oFl Guote Sl o Ok
Sy lpl ez 3le5 2y90 & Wb Ol ooyl Coledy
Sl 4 B ST 3B sladols bl 3o (uSly S (VF)
2l Glew 03B 655 0 op o | Car el slaguly
Sy wdan 4 ol (W S 25 ) dies (e
VE ggame 3 5 a5 Ol AMA-L o IMP-1 o5 L

Skl cp YL Gy &7 (oolerin o gl o 5l ol

)

OS2 o ol )25

Bilo 10995 (S5l Ak 9 05l (i wgSixe Ao 3
3 DNA 4 aisol sl 1 JCaL ygy 51 odlizal b o5 o] bo
Caol odd 02l i £ JSS 0 &S W5 bas wielSy
oslazal b Eccoli (o8 )kt le b gageiliy JIg g
dgame Sl 5l (Y JS5) a5 0ol Gerdas )5Sk Ml 5
DNA b 15 4lsl g el 4> 4 EXCORIXhoOI oS

555 51,5 Pet32a sy oDy (s 4 Lblaio 003 5w

n of sample sequence to a 1446 base sequence of consensus codons.
¥ ygcncay

argtngarg

wsncaraaraargcnathgarmgnatgaargayacnytnmgnathgent
gcnaargtngaraarytntgygtntggaayaayaara ayg
wsnat ara

ytngengentayaaraargengengaygaratggarg
aaraarggngaraayaayaaytgggcnathgengeng:

ytncengay

Y yggnaargay
tygtncargaygargengcnacnggn
arccngencengencengcnatgath

rmgng:

yeargtngargenc cayathg
gnatgaargayacnytnmgnathgcntayytnacng
gtngaraarytntgygtntggaayaayaar: L

gcnaay

g9l 4 20w (S1yb bilur Saigp JIgT wsSiae de yi 2T UK

after

o pw
$88

o
3483y

488

Relative adaptiveness (Wij)
0000

35 40 60 0 100 130 140 160 180 200 220 240 260 280 300 320 390

Codons
[ Reistve adaptvensss (i

s before

3% 390 400 420 440 0 480

Weancodentzage]

§38888%85

483

Relative adaptiveness (Wij)
[

pepesse
EhEHEBES

8

g

30 40 6 S 100 130 140 160 190 200 230 240 260 0 350 330 340 360 380 400 430 440 460 480

Codons

[_Reitie adaptveness Wi — MeanCodonUsage)

lewa! 31 Ju3 CAl-value .JCat yg puw I 03wl b W y9aS 3 lowis! gl Y JSUS

ol ey VA jalowis] (1908 51 day oS Dy +/0Y

2 bpor] SladisS lawgs & Col 1513 Slow o g’
5 Lazs> 5bj pegSye > 4 silom (D9 Sl laply
Lssu&?. zsleu )) I) Lg)ﬁfioﬁﬁ;3 Lg)luzlé‘ Cb‘)l~A5- 6L§)9 D)J%g L):JbE;



S5 Aol

IMP-1 3 AMA-1 & sb ol LS cldlas 8 bl
VoS O“‘Sb Ll ‘_',|9;.c L WL;A 5-)9’9~‘ s g
Slr Gigem] gl Mo eSly S adlae cnl > (WW-Y1)
M bpor] 5 Sl o] sl &5 3,800 sl g
Sl slagahl s oxd (b e . @ b b
u».{); e 2N b Omfb S Oly.e 4 b Ll S
g Jbwl clblxe Bhe yob a4 ol See T (sla ok
oo 4 g ol s 1S ol e/ (lj s)les: sl @355
u'%‘ s O"‘SIS )‘] odlawl cL')g.‘ 2 09)'1.9 ..\)b (N S sl
aly Sl pes JS 51 eolatwl Jlois] e cll 465 0 Koo
Olgise 3 o yials 1y sae Ciste s g Llwy o Jls
Gt S Sslogil ol laes o 85 s
o])o.m & Lgla).;_lf )19-\{;-4’] @L: 04U Ls'>])'l° u“5|9 J.:J.:lf Lghbo)'l.w
Cuwd 4 @lS 9y p (278 (P sliel g ity lilllas )l
duogi o3l i3 il g esl Ml jslaie 4yl adllas 4> ol

D9 50
&l

1. G. R. Razmi and G. A. Kalideri, “Prevalence of
subclinical coccidiosis in broiler-chicken farms in the
municipality of Mashhad, Khorasan, Iran,” Preventive
Veterinary Medicine, vol. 44, no. 3-4, pp. 247-253,
2000.

2. A. Nematollahi, G. Moghaddam, and R. Farshbaf-
Pourabad, “Prevalence of Eimeria species among
broiler chicks in Tabriz, Northwest of Iran,” Munis
Entamology Zoology, vol. 4, no. 1, pp. 53-58, 2009.

3. M. M. Hadipour, A. Olyaie, M. Naderi, F. Azad, and
O. Nekouie, “Prevalence of Eimeria species in
scavenging native chickens of Shiraz, Iran,” African
Journal of Microbiology Research, vol. 5, no. 20, pp.
3296-3299, 2011.

4. G. Gari, G. Tilahun, and P. Dorchies, “Study on
poultry coccidiosis in Tiyo District, Arsi Zone,

Ethiopia,” International Journal of Poultry Science, vol.
7, no. 3, pp. 251-256, 2008.

s b por] 158 \om: (S (gl (puuSTy 28 Bl (&b

b oigisasl ok bl sy b OBl wingy al; (sieg) i
oSl 6501t g o0 Suf (] cusls (s AN Ll
oSy B 85l LS o STy cal gl o LUK, Oi
b ol sbS OV JgsUse 5 b il sl FAY 1 JSCize
5yl csllan 3kl (claylas b &S sl Y5 (ol Lasls
<110 JsSUse 0y o STy sl o ajlome o) 3o
Pl s clany s 15,5 <40 g lull jasls 5 ogils sbS
Shedlatnl Lo sl STy (V) s STy sl 095 9
oy0s oyl o (o)l a0l 7Y 8,05 L Ramachandran lsges
Iyj fCaml Hloyen s CutS I quSTly Jlsle oS ol ol
ol Mg STy gl e S s Cpioren sl oad o3l
095 9 s 15l g 4 (Ao n JIg (GBgn Olo e 5
Slize & (5958 il oglhae CAL e a3 plxl jles
ol ail 5 Koo Y 4 C)] de dxya &S Cunl (4988 (6,85l
Bilw > & 258 ly Culidge b Wlgioe S B9 (Sgn W3 e
oy LB Y S 0 &S 8 fles adllas opl o ond Sk
sl gy 5l ool e ST canl VL ply Cal s
I Br e Gigeml Glariy (B Car Silojsilgse
5 TSOLI8 & slge byl des 5l wlody oy oSS
» (AMAL) & glie ofsn {Y)  padeks
(V) peibologjsiasd 3 D sl (YA) peSTprpopipandt
5 (Vo )omnishiKussspisT o sl EGIS gy
T 5B Gladsls slocgial 5 (M )omy YoTphthawsSs55:57
5> ROP16 4 SAGL GRA2 (GRA7 (slossy,
1w e ot E Sllllas 5,8 o)l3l (YY) (subis lawMypu sy
ol 03l i (Bly el Fusl b Wlgi o el (gl Jde &S
ool Cowd 4 dous 3L, 5k b 5050 ol 33 bjee Aoy &
A Wlgi o cyimghs cpl 5 Sly LUK Bl (g3l Jio
Gob J baef ade osd (2l Sy drsg Cap 50 (s
Oldllae jd 244 oo dlpindiy a0 &) aladlore ool Fusly W]
Lile o (aBblojl (903l 3)90 5 oaily 5 olS ojlo sun
alllas oyl 5 b slo 4l o ol b 58 5 il ey
S il Gy e 2Ball glo gl 4 e

2,



15. 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;8:1-11.

16. Soutter, F., Werling, D., Tomley, F. M. & Blake,
D. P. Poultry coccidiosis: Design and interpretation of
vaccine studies. Front. Vet.

Sci. 7, 1-12 (2020).

17. Jenkins, M. C. Progress on developing a
recombinant coccidiosis vaccine. Int. J. Parasitol. 28,
1111-1119 (1998).

18. Turk, D. E. The anatomy of the avian digestive
tract as related to feed utilization. Poult. Sci. 61, 1225
1244 (1982).

19.Dar, H. A. et al. Immunoinformatics-aided design
and evaluation of a potential multi-epitope vaccine
against klebsiella pneumoniae. Vaccines 7, 1-17
(2019).

20.Pandey, R. K., Bhatt, T. K. & Prajapati, V. K. Novel
immunoinformatics approaches to design multi-epitope
subunit vaccine for malaria by investigating anopheles
salivary protein. Sci. Rep. 8, 1-11 (2018).

21. Jacob, C. O., Leitner, M., Zamir, A., Salomon, D.
& Arnon, R. Priming immunization against cholera
toxin and E. coli heat-labile toxin by a cholera toxin
short peptide-beta-galactosidase hybrid synthesized in
E. coli. EMBO J. 4, 3339-3343 (1985).

22. Pastor-Fernandez, 1. et al. Vaccination with
transgenic Eimeria tenella expressing Eimeria maxima
AMAL and IMP1 confers partialprotection against
high-level E. maxima challenge in a broiler model of
coccidiosis. Parasites Vectors 13 (2020).

23. Valdivia-Olarte, H. et al. Design of a predicted
MHC restricted short peptide immunodiagnostic and
vaccine candidate for Fowl adenovirus C in chicken
infection. Bioinformation 11, 460465 (2015).

24. Samad, A. et al. Designing a multi-epitope vaccine
against  SARS-CoV-2:  An  immunoinformatics
approach. J. Biomol. Struct. Dyn.
https://doi.org/10.1080/07391102.2020.1792347
(2020).

25. Song, X., Xu, L., Yan, R., Huang, X. & Li, X.
Construction of Eimeria tenella multi-epitope DNA
vaccines and their protective efficacies against

oy

OS2 o ol )25

5. A. Gy'orke, L. Pop, and V. Cozma, “Prevalence and
distribution of Eimeria species in broiler chicken farms
of different capacities,” Parasite, vol. 20, no. 1, article
52, 2013.

6. M. Q. Al-Natour, M. M. Suleiman, and M. N. Abo-
Shehada, “Flock-level prevalence of Eimeria species
among broiler chicks in northern Jordan,” Preventive
Veterinary Medicine, vol. 53, no. 4, pp. 305-310,
2002.

7. Allen, PC and Fetterer, RH (2002). Recent advances
in biology and immunobiology of Eimeria species and
in diagnosis and control of infection with these
coccidian parasites of poultry. Clin. Microbiol. Rev.,
15: 58-65.

8. Williams, RB (2002). Anticoccidial vaccines for
broiler chickens: pathways to success. Avian Pathol.,
31:317-353.

9. Alarcon JB, Waine GW, McManus DP (1999) DNA
vaccines: technology and application as anti-parasite
and anti-microbial agents. Adv Parasitol 42:343-410.

10. Kundu K, Garg R, Kumar S, Mandal M, Tomley
FM, Blake DP, Banerjee PS (2017) Humoral and
cytokine response elicited during immunisation with
recombinant immune mapped protein-1 (EtIMP-1) and
oocysts of Eimeria tenella. Vet Parasitol 244:44-53.

11. Ma C, Li G, Chen W, Jia Z, Yang X, Pan X, Ma D.
Eimeria tenella: IMP1 protein delivered by
Lactococcus lactis induces immune responses against
homologous challenge in chickens. Vet Parasitol. 2021
Jan;289:109320. doi: 10.1016/j.vetpar.2020.109320.
Epub 2020 Nov 16. PMID: 33248421.

12. Bargieri DY, Andenmatten N, Lagal V, Thiberge S,
Whitelaw JA, Tardieux I, et al. Apical membrane
antigen 1 mediates apicomplexan parasite attachment
but is dispensable for host cell invasion. Nat Commun.
2013;4:255.

13. Tyler JS, Treeck M, Boothroyd JC. Focus on the
ringleader: the role of AMAL in apicomplexan invasion
and replication. Trends Parasitol. 2011;27:410-20.

14. Adhikari UK, Rahman MM. Overlapping CD8 +
and CD4 + T-cell epitopes identification for the
progression of epitope-based peptide vaccine from
nucleocapsid and glycoprotein of emerging Rift Valley
fever virus using immunoinformatics approach. Infect.
Genet. Evol. 2017;56:75-91.



(VEY liwmoj=5mls) Sl 05lomd el Jw

o bpor] 1505 ot (545 (12 STy 2 Bl (Sb

experimental infection. Vet. Immunol. Immunopathol.
166, 79-87 (2015).

26. Ojha, R. et al. High throughput and comprehensive
approach to develop multiepitope vaccine against
minacious COVID-19. Eur.J. Pharm. Sci. 151, 105375
(2020).

27. Zimic M, Gutiérrez AH, Gilman RH, Lépez C,
Quiliano M, Evangelista W, et al. Immunoinformatics
prediction of linear epitopes from Taenia solium
TSOL18. Bioinformation. 2011; 6(7):271-4.
d0i.10.6026/97320630006271.

28. Bueno LL, Lobo FP, Morais CG, Mourdo LC, de
Avila RAM, Soares IS, et al. Identification of a highly
antigenic linear B cell epitope within Plasmodium
vivax apical membrane antigen 1 (AMA-1). PLoS
One.2011;6(6):e21289. doi:
10.1371/journal.pone.0021289.

29. Fuaad AAH, Roubille R, Pearson MS, Pickering
DA, Loukas AC, Skwarczynski M, et al. The use of a
conformational cathepsin D-derived epitope for
vaccine development against Schistosoma mansoni.
Bioorg Med Chem. 2015 Mar 15;23(6):1307- 12. doi:
10.1016/j.bmc.2015.01.033.

30. Woollard DJ, Gauci CG, Heath DD, Lightowlers
MW. Protection against hydatid disease induced with
the EG95 vaccine is associated with conformational
epitopes. Vaccine. 2000; 19(4):498-507.

31. Gomase VS, Chitlange NR. Prediction of MHC
class  antigen  peptides from  Echinococcus
multilocularis: Application of computer intelligence.
Scientific Reports. 2012; 1(3):191.
doi.org/10.4172/scientificreports.191.

32. Cao A, Liua Y, Wangb J, Lic X, Wanga S, Zhaoa
Q, et al. Toxoplasma gondii: Vaccination with a DNA
vaccine encoding T- and B-cell epitopes of SAGL,
GRA2, GRA7 and ROP16 elicits protection against
acute toxoplasmosis in mice. Vaccine. 2015; 27;
33(48):6757-62. doi: 10.1016/j.vaccine.2015.10.077.



