[ Downloaded from gebgj.ir on 2026-02-22 ]

[ DOR: 20.1001.1.25885073.1398.8.1.6.2 ]

-4 w999 Slplvlos wwe (g e 05 Ol § Silwdiluod
E. coli (5 55b 58 (ACLSV) Cuw &igls” F ¢

Cloning and expression of Iranian isolate of Apple
chlorotic leaf spot virus coat protein gene in E. coli

TS sals 5 e e Flesly b dases ol e JUI

Danyal Mirzaei!, Mohammad Hajizadeh?, Abdolbaset Azizi? and Davoud
Koolivand®

Q‘J_\\ ‘CM “)L\.M:JJS oK..i..:‘J gé)')ju;s oSS LJ/Q;)A.AL; ajj§—\
Q‘j.\\ “)bnv om‘b cé)'))u,s oIS gé&ﬁg ajjf -y
! Department of Plant Protection, Faculty of Agriculture, University of Kurdistan,
Sanandaj, Iran
2 Department of Plant Protection, Faculty of Agriculture, University of Zanjan,

Zanjan, Iran

m.hajizadeh@uok.ac.ir : S s 2SI Sy «DL51Ks J gas 0 55 3¢

QNI : o s Gl = WYY s s ‘@)U)

31 S (Apple chlorotic leaf spot virus, ACLSV) cuw <Kigyls” & 94l w9g9
ol 31 Bud 0518 Sl (0 puS 45 Abl o 04 9 H1041D ogme SUS 1S nee SB w9 9
-4 w99 (Coat Protein (CP)) idig coiigy O Ol Ly 9 Sy 03l oo canliao
(i IO iigy 99 Oy Al oo Escherichia coli b 38 cuw il g
(il 398 Slul W31 3929 e 457 15 O30 ol 3 w9 29 S A 4 S (S 9
9 Gtz o Ol 31 SSA 4l (o F9 (g (90 WG gl & .S3le o &
OAY Jgb 4 oidgr gy ol 3 ACLSV-MR3 ACLSV-MF solais sl 56T b
dgw E. COlI (5 55b 49 9 Juto PTGLI (Siludilunds ol 4 CP fols” &35 . iS5 cuir
S LB s damo (595 S 595 dmowidly b 0l S ol § S 557 b J&ie DH5a
20 O3 gl N F glpl gl 48 ey 4 9 Jug IPTG 9 X-Gal (b ool
0313 518 by 73T 55 T F1 Jemo a5 Xhol g BamHI (sl 5T b ool g Seiw! dwowsdly
JUa1 (Aidgs ol 0818 oy a2 3T 90 cywod b &5 PET28a(+) Ol ol 40 9 b 9 cNidgs o
P 5éuil j BL21(DE3) 49w E. COli (5 356 38 w939 CP 03 9> pET28a (+) .l sl
20 Sl slgx 3w IMM olg cdalé 50 IPTG (og0s Lol b CP by s@ s 9
b (g5t (SDS-PAGE) Sllgw Jewd9d motw 3l ol o 571 (b J3 58 35999 51
93 OF 4 baiy Sedldsls” Y1 390wl y Ol i b SDS-PAGE I Jol> gl
ACLSV 4ds » 3L T wdgh Glp Nl oo g n (il Ol 9 29500 9929 (b

O 5 51, ooliiwl 890

() (ol 9 ECE] (qwige
s> ISSN 2588-5073
5 9 721 ISSN 2588-5081
AN Ol 9 Hle ) ol A 0393
011 axio

Genetic Engineering and Biosafety
Journal
Volume 8, Number 1

005
(gLl
ST
Ol

oSSy S
Silwailasn


https://dor.isc.ac/dor/20.1001.1.25885073.1398.8.1.6.2
http://gebsj.ir/article-1-295-en.html

[ Downloaded from gebgj.ir on 2026-02-22 ]

[ DOR: 20.1001.1.25885073.1398.8.1.6.2 ]

Q‘)&.@}&‘Jﬁ.ﬁ

e g 59 05 0l 9 (Sl Sleer

e Sl el O el 5 S o sbul | Laasls
S S s sl M 5s sk 5 SLsy 5 4l
»le 53 5 (Polak et al. 2008) o5 5 S, s, Sl
03,0 CBL (gl S0 ey ps and WBNle Ohlbanes
ACLSV 5,5 (Rana et al. 2007) &S o sl Lajlsazs
ol il o (8L olew bele Olge @l o
syl i ol sbeml 53 58 e glabl Ble ey s S ol
4 ol (Ses ACLSV 51 26 o5dle (Kinard et al. 1996)
Ol oS w3 1 o s s plo b bslsve S0 aals
Lister 1970; German-Retana ) s 35 L Ais Slsataa b slsals
odld atlis SSSdee BU s ns onl sl (6 al. 1997
Wl 85 slge 508 pl sl (Lister et al. 1970) ..

el g sl ol orl 3 6K )

(EPPO 1999) s> S OLlS wile il gla s,
s (Paduch-Cichal and Tomala 2007) G340, sla s,
s sy 2l sl (Menzel et al. 2002) J<J s
e Lol sl sl sl ACLSV AJ\A} )‘ 0 gan Q\f&'—)J
Jyeme 55 1V S0 ss s el 53 6 SUL2
s op) (Spiegel etal. 1993) w1 o Ol w0 Ol 5 ates
DT g el el S sl ale Kb
Sl 53 e (3L T A5 T3 s esliad (gl s
6&@.9[.:)‘ IS u.ajb- eI RD CJ‘)JJ‘ Jﬁbf 6@0‘1)]3))\
S 03 el ol s eslizad 0 5T Olse 4 0341 oS
Cle 4 S Loy Ol 03 AT Ay alS e s
SLS S e My 4w Vo eSS L sy S ol
Obime g5 5T L Sodl 5 sl sl L asle olls 0
Cewdas ol pls .l 5 AGI U sew 4 (Ling et al. 2000)
ol Gl by desls el o5 s B8 palie 03l
(s 3 0k Oy S 555 Sla g 5 Ol e oS AL e
3 5 oalizal (3L 2T A5 dol b s 05 s Olse 4 oL S
M S5S ons iy ofsn 05 Ok Je gln
ot Sls w59 {(Abou-Jawdah et al. 2004)

55 NS sobwal s (Folwarczna et al. 2008)

Sllen o 4 AL Glaley Bsmt 5 s arhis
“ Lsh)g)l.a.;.o Q)Lw;'- \;-Lﬂv\ﬂ ij wu( Jof.f: PSR E)
(Martinelli et al. 353 o O gume (55,508 DY g
o (So Al 5l da OLLS Sl (s s ol L3 2015)
spies Solem Fse JES 4 e s b Sl
03 S8 4 Sol gy 5l S b J xS DLl ol
A5 3 rns 3l AS S sl B LS
(Stevens ssi o 331 015,58 buy oS cl gla i,
slge Codl IS sdo Sl e Jolss Sl S .1983)
G5 5 el paiii G By 4 o i LS (6 S
3 fod a4 axs L .(Makkouk and Kumari 2006) ..

bole nl U8 o e Olez L3 s s Slasslen B AS
(Bse & HasS oy ol 3 el 4l ks Cgmal S lay
15 b ) 6 5L LSl olew Jule 0131 5 585
(Apple chlorotic leafspot oo 508 S eI s 5
oslgls 5 (Trichovirus o> s virus, ACLSV)
Tymovirales «w.l, 5 Betaflexiviridae o5+ (Trivirinae
JsSJ4e S5 ACLSY e55 (Adams et al. 2016) »,l> | 3
ol odd |25 LS V/0 350 L e (glans ;S5 RNA
&lx ORFL & =l (ORF) 5 wsrls 4w bli o
G2 ORF2 (g s 2S5 L bLoyl 5o Ssdls ks VI 55
S5 ofan i ORFS 5 Ggllals or (S oniis
(Yoshikawa and Takahashi 1988; .S . 4S5l s YY
O o ol slaasl 55 ey w9 ol Sato et al. 1993)
5 Ml pmses a5 A oS Leld b 5 eny SO
Seh Sty Sasis Cel cad Ses Jle der 3l as
s w5 I Ol 5, ACLSV (Park et al. 2006)
Soles o2 onl Sa s, (Wuetal 2010) Lol o 3D
laasd s s g 5y SIKE (Wl b b AT sl

O poobr 5o 5 S as SS5IS iR s il i

R |



https://dor.isc.ac/dor/20.1001.1.25885073.1398.8.1.6.2
http://gebsj.ir/article-1-295-en.html

[ Downloaded from gebgj.ir on 2026-02-22 ]

[ DOR: 20.1001.1.25885073.1398.8.1.6.2 ]

g 93 S 9 05 Ol 9 (G5l Ailinen

O‘)&"’A}g_s‘..l).j.‘:‘

La fgy g 3lge

5 gt SLBI Sl etd (goslaar o 4500 5l iy g prte
Sode gl 40°C 5 5 53 ol (S <ol S ACLSV w o3
b s 05 0k $lr e @S e S s s
e Ol Sl ges cpl Ad eslizad B coli s ol oS 50
5SS WOl 5 eols pused AT L 3z Sl

.)‘JL;G QL;..) b Sj; L L;l.g.;v\.;

SS 5 Al 215l 1 oS DNA w5l 5 RNA 1 e
(Foissac et al. 2000) \SKJw iy, 5l eslaal L (TNA) S
GeneAll, ) <S5 oS 5l eslizal L JaSs DNA L4 bl
Shoeslaad U ady S o3 ole o=> > (South Korea

A atle ol LB i gl S56T

L SSLT i oan JoS 05 2 5 b SUT b
S5 el ACLSV a8y Jo5 05 25 ¢lp
oons o g J e 5105 L s e s s e
s ST B a3 55 L3 S~ b (NC_001409)
(ACLSV-MF5'-AGGATCCATGGCGGCAGTTCT-3")
ACLSV-MR:5-) L Sae S5 s 5 BamHI o5l 31 Jows
5 J= (ACTCGAGGTAAATGCAAAGATCAGTT-3'
O oa PET28a(+) 0l Aoy 535 1 ol 8 Xhol o 53
Oy dadl 3 CP 05 Jlasl 0lal 3o b opl 51 5 il
\V/0 amm 5 PCR STy dd osls 3 i ol b
S S 5 odd S5 Gl SHET el L 2y S
Yoo 448 C (S ) aids ¥ ke 4 48 Co gl >
(UK Y0) 4ids) oo 4 VY C 5 a5l £0 oo 4 08'C casls
Sl Al plasl (S S5) aida Ve e VY’ C,
PCR _iSly b & Lids iz, 05 JolSanks sdalis
A eslial Ao ,s VY 38T U5 51 s oSS

08 U 4 Juasl 5 J5 5l DNA axlis (g5l ,alls
L ACLSV iy ofisn 05 DNA gl Lalls pTGL9
05 Jlsl oblKiy) J5 5 DNA (laalls oS 5l eslizad

Q).ls st; A rl}u\ a.b)l.w C,Sf.:l L}.@.’Jb_}:ﬁu) &Lﬁn (Q\j'.’.‘

K i Slise es s (Livieratos et al. 1999) oS 5us
Voloudakis ) 05 5 K2l = 55 (Chenetal., 2002) o »
(Hamadayanty et i Llaste SKuljge s, 9 (6t al. 2004
(Salem et al., 2018) <lS 6 35,8 5,9 @l 2016)
5 (Honnesh et al. 2018) S jax S S0 Sdoes o505
(Salimi et al. 2010) S jax S 5,5 S5 Show osps
Ol 5 as Slllae s .ol ouss (at?u‘l S8 (s 9
IR g s n 05 Ol w4 Ol e el a3 el
$ls vsps (Gharibi et al. 2012) 508 5,5 Koljse
o5 (Sokhandan-Bashir et al. 2015b)  coejcw
Sy ol b S esLal (Koolivand et al. 2016) L Kol 5
SN o Sl e s olsn Ol s 52
ans ol s S oboJe BoCOl s o SIS
(Keshavarz and Shams-Bakhsh, 2015; Alemzadeh ol .| s
Ll ol pl] sladlzs et al., 2016; Abtahi et al., 2019)
S s sha gl (g S 05 Ok o
Sllan L (3L 2T 0T 5l eslizal b 5 plowil o S35 ,08
solal LS DTBIA 5 DAS-ELISA (sladsesl L 5 ag
N R S LN (E RS TR WL R |

(Rana et al. 2011) Ao, L3l 4 jlsaten

(S8 2 pans S s M gsleae L
Ugn s3bl g 5 cmbie Ol & Gy O adss
O3 Ao OISl B s gl s |y s s opl adets &S
13 0 S 5 I ag e Sl Gl mms
O 05 Ol (hash nl 3 S (pl by 55 aal 550
odd S5 Olial &y 5 3 oled 5 Js) o8 Olge 4 by
bl o 5 25 ACLSV  Lidy 8s, LS 03
E. coli (s 5L DH5a ay5u 53 5 hate PTGLY (3losilonn
5L Oles 51 BI2L(DE3) « 5 PET28a(+) Olo 555 4
My sl SHp loles gt S L L Jsl

23S eslaal Lg:l..dj -\-3-3}5 by s Q)L;:j

AN il 5Las 1) 0 Lon [l 0393 | gt 5 (g0 § S5 (susniign


https://dor.isc.ac/dor/20.1001.1.25885073.1398.8.1.6.2
http://gebsj.ir/article-1-295-en.html

[ Downloaded from gebgj.ir on 2026-02-22 ]

[ DOR: 20.1001.1.25885073.1398.8.1.6.2 ]

Q‘)&.@}&‘Jﬁ.ﬁ

e g 59 05 0l 9 (Sl Sleer

2> 5 gl s o Ol G4 sed Jold €503 5o | o7
O s SIS a5 55595 SN L (gay Sla oy 2 sl 2 =Y+°C

...L“v.:;oﬂ}-:}

~ 4 gas o U gy sk 4 i S ) 5 s 2l Al
g 03 ek arps b glos 5o alds =y D oL SL s
&;‘.LJM 4&?‘%) BEL 30 ‘)UJJ\JM j).ﬂ.inLw Yervun
o D L eals W e};.'oﬁ.h UT Ls ol Jbu“‘ L;“:L“J’ISL
gl AL 0T e a5 TE 3L 51 2l oo Arltde
Tris-CL  50mM, glycerol 10%, SDS2%,) .5,
4 (Bromophenol blue 0.1%, Mercaptoethanol 100mM
S e Ol Lo aids 0 Sole w4 bk gas s S Ll & ge
03 s a5 b (gles 55 4835 0 Dl 4 e 5 LD 00ls
oo b e LS LB s a5 & Ssk Sl Vereeg

Jows 93w sl deol Js S J5 5 5588 I
ot gl el GlaieSsn S50 O35 ron Sl i W g
Sty n S S8 fsn 2 e e b2y on
Green and Sambrook ) SDS-PAGE i, L oui gl A
Stacking Gel (sl ,; Lo s =y chale LUl st 1 (2012
J35) Running Gel (sl » Ao 3 VY/0 clale 5 (odiS oS1 20 J3)
oxlizal ol owlo S U U3 (6 5meleSS 5 5 3 S oalizad (otiSTus

wﬁ)ﬁ;m )‘ a:l.w‘[.:eg\.& QL: &)3:;))'3 L;quﬂ Q)} A
ExcelBand™ All Blue Regular Range Protein Marker 9-
A s (055 SMOBIO 5 5 51 o0 4g5) 180 kDa

&aq‘g@l.ﬁ

0dd 2S5 ACLSV by onSgp 05 5 51 Jool> s
Sl zor o Ol SITNA - 215l 5 ae PPCR s
Skl ciar ol eDNA 4 O Las 5 edd
Gaskas S 5l (ACLSV-MF, ACLSV-MR)_olazs|

u_bds.l.waéu.?.w\ (O/\pr) L}‘:“""'ﬁ n.)'l':sjﬁ JAS Q)"Lr.lﬂyja

PTGL9-T Ll 3l « PCR L3 ok iS5 DNA Siladad 05 S
sy ankss Il o A eslizud (S o ¢ sl g s S ,5)
33 S 5 5 deewl . e3lizul T4 DNA Ligase m‘j 55k
Panjaetal.)r?M.JSJwLiuz”l“u astle dntas glad ol
S35 SSL Ol s 5 50l (2006; Shali et al. 2007
(/Y M) X-Gal (6+ mg/ml) s> LB sul> ciS Lo
p oot Koot 4 O mgiml) Ko ST 5 IPTG
PTG ooy mliptud (i b sl YVOC 5L SO
(Green and Sambrook 2012) U5 ;3 5,5, L ACLSV-CP

sl

gl LACLSY (b gy 85 05 Ol sl o5le 4
A s 25 Gaeen 5 PTG-ACLSV-CP .S 55 deandly
5 a5, sl ST s o 5 4 Xhol s BamHI (slag 5
Loy 5 PTG-ACLSV-CP oS5 deandly (s
ks gle el 5 by S m-ﬂ 55 L pET28a(+)
s Ll el DNA g5l ol oS 5leslaad b L 55 40
Ly 5 CP 05 Lld eds Ll aslad o 2ulg
4; PET 28a-ACLSV-CP 0l o3l 5 Juate o 4 PET28a(+)
o5 Jole Sl esliad bsdal s @ 0Ly o3l el s
05 5iil 5 BL21(DES) 4 5 E. COli s, St Oljen 3 o313

A

ACLSV Lids obisn M 6l oS s sbols Wl
PET28a-)05 ol S i3 Aoy (sl 2L SL (sla0 8
S e e gy > 4Blas b 4 (ACLSV-CP
Sde a4 (Voo mg/ml ol cblale U) s LS (g5 LB b
A A Se 0 e s, Ll el cls sl
Lo pd e Vs forel Bilpd s ol S Ol e
A S Ao 1 0555 S ST sl i o3l S
V0 dowy /N @y Lame ol ODB00 s, 5 ol &S Sl
Ol wised Ol @ 2L SL Oy 2 51 2 oo
A M dlay 5 5wl G S S ) i
Nyo oo & clile 55 IPTG 05535 L ool foe e

sl u\:\ﬁ: Celo b glp gL, 5 e 8 &0

e e |



https://dor.isc.ac/dor/20.1001.1.25885073.1398.8.1.6.2
http://gebsj.ir/article-1-295-en.html

[ Downloaded from gebg.ir on 2026-02-22 ]

[ DOR: 20.1001.1.25885073.1398.8.1.6.2 ]

g 93 S 9 05 Ol 9 (G5l Ailinen

Ql)&e.&}&bj:n

dead g 5 B bg e Ao pn WY 5T U5 55 5550 501 -Y UKS
53 b L il sl S 5l eds |l PTG-ACLSV-CP .S 5 5
DNA  ExcelBand™ 50 bp Sles M Salx ¢ Xhol 5 BamHL, 51
PTG luilenr S5 ot it GV laXals Ladder

Pl s basl 5 o SL il gla S 5l e 2| sl ACLSV-CP
. Xhol s BamHI

Figure 2- Agarose gel electrophoresis of pTG-ACLSV-CP double
digested by BamHI and Xhol. M: DNA ExcelBand™ 50 bp Ladder, 1-4:
Recombinant plasmids extracted from different clones and double
digested by BamHI and Xhol.

5l o PET28a-ACLSV-CP ojlu cilu 51 Jol> s
PTG oS 55 doodly 03 i A5 05 3575 31 Ol
55 LpET28a(+) 0Ol deady 5 Loy ol ACLSV-CP
58 3 el 5y s)se Xhol 5 BamHI alis o
05 Joli Jlaide (sl0lss ladad 38T U5 55 55585 500 51 g
—¥ USKE) 5L iz OAY (goslil 4 ACLSV i o8
b 0 (geslul 4 pET28a(+) Obs dedy 5 (A
J5 51 DNA zlseal oS 5 bl L B Y JS9)
oo Corle 4 e Slabs ol Jlasl 5 Lud gl 2l

s BamHI slag 3T 5 L« s PET28a-ACLSV-CP

osls 1,8 Dladad g5 cpoad el atlo Olg ojle JI g5 penas
S48 Qj U’:}Jf)‘)'; de)ﬂ 6‘;: ch:.s "“'..""‘"’3'\'.’. BE) ol
T R g A Y
FE osb a s a8 Jpame 4 53 5 OB S A5 2SS

Sl ok S5 o3Il L S 5 ge andad 3l ads (glo s ST
e G se 3l s g edalie LB 3BT U5 L3 5,585,
:ﬁ}r&jldW\&;@'(A SV S A LSS glankas
oA J5 I CP 05 e askad Lol jen polais| o Dlakas

(B - S s

M NC CP bp

NC CP M

582 —

A B

sy e 05 5SS dans WY LET U5 s s, Y SS
5 (A JK2) ACLSV-MR 5 ACLSV-MF _ola sl S5LET L ACLSY
Salx (B IS2) DNA (il palls oS Lol jallst 51 O sems
5l edi 45 Gene RulerTM DNA Ladder Mix 1Kb) DNA Lz ™M

CP Kal 5 2w J 28 NCSabr (i b oS L5
Figure 1- Electrophoresis of PCR product amplified by ACLSV-MF and
ACLSV-MR primers. M: Marker (Gene Ruler™ DNA Ladder Mix 1Kb),
NC: Negative control, CP: Coat protein gene of ACLSV. A: PCR product

amplified by ACLSV-MF and ACLSV-MR primers. B: PCR product
purified by DNA gel Recovery Kit.
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Figure 3- Electrophoresis of purified DNA in 1.2% agarose gel. M: ExcelBandTM 50 bp DNA Ladder, pET: pET28a(+). A: Purified coat protein gene after
digesting with BamHI and Xhol, B: Purified pET28a(+) after digesting with BamHI and Xhol, C: pET28a(+) with coat protein gene of ACLSV.
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Figure 4- Multiple cloning site (MSC) of pET28a(+) (above) and coat protein (CP) gene sequences of ACLSV isolate SSa (below) which CP gene sequences
replaced with the defined location in the MSC.
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ABSTRACT

The Apple chlorotic leafspot virus (ACLSV) is among of the most common virus
infecting pome and stone fruit trees around the world. The virus has spread throughout the
world and has been reported in many hosts such as; apples, pears, peaches and cherries. The
purpose of this study is to express the coat protein (CP) of ACLSV in E. coli. CP
expression in E. coli has been developed to prepare antigen for antibody production without
needs to purify the virus from infected plant. In this study, complete CP gene (582 bp) from
an isolate of ACLSV (SSa) was amplified by specific primers, MF and MR. The amplified
CP gene was ligated to TA cloning vector (pTG19-ACLSV CP) and transformed into E.
coli strain DH5a. Transformed cells were selected on LB containing ampicillin, X-Gal and
IPTG, and recombinant plasmids were confirmed by restriction analysis. Then, the pTG-
ACLSV CP was sub-cloned into pET28a (+) as expression vector that digested by BamHI
and Xhol restriction enzymes. Finally, the pET28a-ACLSV CP was transformed into E. coli
strain BL21 by heat shock method. For ACLSV CP expression, the cells containing
pET28a-ACLSV CP were induced by 1 mM of IPTG and the protein was extracted two and
four hours after induction and analyzed in SDS-PAGE. The SDS-PAGE result showed that
ACLSV CP have been expressed that is expected based on additional tags from plasmid.

Keywords: Antibody, Cloning, Expression, Recombinant protein, SDS-PAGE
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