-4 w99 Slplwlas Abe ey OF Ol 9 Gilwailuas
E. coli (& 5L 58 (ACLSV) Cuw &g 57 5 ¢

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

"5 5S sl 5 e e fmosb'dq-b- Lows "Lj‘jj:” JLils

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

d‘)’.’.\ ‘CM <OL';.~JJ5 alﬁ;ﬁl: Ld))}hﬂs aM\: “&jyfalﬁg ojjg—\
Q‘)’.’.\ <dl>rJ) o@\: ‘ng)ju's QM‘J ‘L}S“J'f"hl'; a}; -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 : S5 2SIl s « 51K U ghns ki 55 3¢

QNS/YY 2y )6 = SMYVY 12l 5 6o 56)

31 % (Apple chlorotic leaf spot virus, ACLSV) cuw <Kiguls” 5 940 w9y9
ol 31 B 0H18 Jla (o pud 47 abl o 04 9 104510 ogume HUS S wav S w9 29
-4 w9 »9 (Coat Protein (CP)) digs csiig g OF Ole o 9§ Sl 03l Sl dllian
o IO hdgy (9 p Ol .b 0 Escherichia coli a7k 5o cuw <Sigyls™ T g
il 598 Lol 5l 929 P e 457 15 Sbime oS 3 w9 29 G AL 4 5L ( JF ey
9 Sl o Ol ) SSA wlua (oo F 9 (ShDg w9 ) WG gtie 4 Ole p &
OAY Job 4 g cmiigy b7 03 ACLSV-MRy ACLSV-MF olais! sy 55T b
49w E. COli (555 4 9 o PTGLI (6ludiluod fol> 4 CP ol 0§ b piSS 3 >
9l LB s tame (59 oS 595 dwewidly b ol o 5l 5 GG 5L b Jie DH5a
2005 o W F gl 2B 4 P95 4 9 JUg IPTG 9 X-Gal (ool o
0318 518 b 3T 50 T 1 Joxo 45" Xhol 9 BamHI slag 5T b ot gl il dwowsdls
JLail caings ol 0313 (o 3T 90 cynod b &5 PET28a(+) Ol ol 4 9 b 9 «Xidgr o
£ 394wl § BL21(DES3) 4y E. cOli (5357 38 929 CP &35 3l> PET28a (+) . oals
20 celw Hlgz 31w IMM ol cdalé 50 IPTG Goges dlol b CP by s 9
A w3 (SDS-PAGE) Wlifgu Jawd9d mavw S9b> dwel b 51 b I3 30 33939 51
598 05 4 by S91ghs” Y1 390> w9y Ol 3l b SDS-PAGE I Jol> gl
ACLSV 4de » @3b HT wdgh &lp Nlgr o9 n ol Ol Og 29500 929 (Adg

O 8 1, ooliiw! 890

S S 9SS wigo
2> ISSN 2588-5073
59 I ISSN 2588-5081
AA Ol 9 5l ) oleld A 0598
01-1Y axao

Genetic Engineering and Biosafety
Journal
Volume 8, Number 1

oS
(g3l 5
SEELER-NI
Ols

sSSP S
Solwdiloan



Q‘)&“ﬁ}d‘j_ﬁ"

e i g3 S 9 05 0l 9 G5l Aluen

oo GG el O 2 edle 5 uS o 3wl | baasli e
S e s nl Jlan5 s apde 58 Shsy 5wl
sle 53 5 (Polak et al. 2008) ose 5 S s, Aol
03,0 3l sl A s ns and WDle Olbaes
ACLSV 5,5 .(Rana et al. 2007) &S o sbol Uajlsat.s
odd bt oo (AL (lon Jole Olge w55 03
syl i ol bl 53 58 e slab] Ble ey s S ol
4 ol (Ses ACLSV 51 36 (5l (Kinard et al. 1996)
Ol 53 oS o3 )1 gla s s ple b bgdsee Sl oy
Lister 1970; German-Retana ) » 33 LAis jlsasea L sl
odld atlis SoSdse BU sy ol gl (et al 1997
Wl 45 slse 58 ol ol (Lister et al. 1970) <.l

ol g Sl oo o0l 3 6K

(EPPO 1999) s Soms OLLS sl iliie sla s,
s (Paduch-Cichal and Tomala 2007) SS540, 5w sla 55,
S s 2bsy sl (Menzel et al. 2002) J,<J s
Cgr bl cnl sdl eslaad ACLSV das 31 o0 Ol s
Jyeme o255 1V S50 ss s law 53 6 S 2
s op) (Spiegel et al. 1993) LT o Clus & O3l 5 utes
B3l e oml sl (S5 et ple b
ol 53 ool (3L 5T A5 T3 5 eslizal (sl oms s
Gzl 5l edd el e s 3 5l ALS la e 2
S s el el s eslind 05 5T Olge 4 03T olS
e a CldS L5 Ol 05l W Al Gl s
oAl OO (S Glacil s s ns oml R
LS5 opa= Jdo 4 Vo CldS b s ny 2 ol
Obsee 05 5T L Sagl 5 lacsl s Jo L dsle o5ls30
sty oty e AUl e & (LiNg et al. 2000)
PRl ety Ll alls 05T S slie 0355
s 53 03 Ol S S Gla S 1 Ol e S AL e
30 o3litel 3L BT A5 a3 e 05 8T Ol 4 2L S
A NS ons S sfen 05 Ok Jie sl
i Sls esns {(Abou-Jawdah et al. 2004)
35 N5sS gobeal s (Folwarczna et al. 2008)

Sllan ois 4 AL Glaolon Bt 5 s 2l
L LSl Solest o et 53 olid bbb s
(Martinelli et al. 353 0 O gumme (55,5L0S OV same
o Sl 5l A DL Sl (s s bl 53 2015)
spbe Slew S JAS 4 e esns b Soley
s 5 4 S g3y 5 g5 Al LS Sl
5 3 esns 3ol AL 5SS sl B s
(Stevens >,i o 35l 01,5l e g Sl Sla g,
Spe ot AS Ssdo Gl e belss 5l S 1983)
G5 5 e eadS Gl i) 4 s AL (5SS
3 fadoa s L .(Makkouk and Kumari 2006) <..!
Jole onl IS o e Olgr 55 s s sl o 2uS
(B d i s ol Sl Sl Bl plea Saeal Sl
oy i 5 6 S A3l golen Jole D151 5 s
(Apple chlorotic leafspot oo S5 08 S eI s 5
o3l gt 5 (Trichovirus o> s virus, ACLSV)
Tymovirales «w.|, 5 Betaflexiviridae o5l 4l Trivirinae
Js s G5 ACLSY 055 (Adams et al. 2016) ,l> ;| 3
ol o L2 LS V/0 550 b e (glazd 15 RNA
&y ORFL & ol (ORF) 5 sl aw ol &
G2 ORF2 ¢ s s 255 L bl 5o 3 sdls ks YV s
s oS ¢l ORFS 5 S dlals 00 (S > ons
(Yoshikawa and Takahashi 1988; .S . 4 Jsdls s YY
O o ol slaasl 55 s w9 ol Sato et al. 1993)
3L s epes nd 5 gl oS Jeld LB 5 eny (Dl
Seb Sty Saslis Cel el (S Jle sl A
Osds a5 S sladle s, ACLSV .(Park et al. 2006)
Solow o ms ol e sy (Wuetal 2010) il . s
Sl (s G (555 SIS (Do L b gss bl Sl

A paslr 5o 5 S 565y SIS st 5 Lo Lo

WA Gl 9 5lae 1 oyl [kl 0150 | i 5 cohae] § S niien -




g 3 S 5 05 Oy 9 (G5l Aluan

la gy 95090

5 g SISl els (6 sl mesr o 45503 5 s g
s gl -40°C 5 5 45 0 S, il «S ACLSV w o3
b s 05 Ol sl e S e S 55
e Ol S &ses cpl AE eslizud Eocoli s ol oS 5
5 SEAS e 5 ol sl WWAT Il s i L

Sl e Ol 1y S s ISa

S8 5 el 25l 1 oS DNA sl 5 RNA 1 e
(Foissac et al. 2000) SJw s, 5l eslazul L (TNA) IS
GeneAll, ) =S5 oS 5l sslinal L JoSe DNA 12 ol
Shesliad b 2y a0 olg e2= 5> (South Korea

Al bsla LU sl gl SHGT

b S5l it g oiin g JolS 05 25 5 b S56T 1 b
S5 pluly ACLSV il s, S 05 55 Gl
ons ol e JE dex 5105 L s s s gla
s ST B G355 ks S~ b (NC_001409)
(ACLSV-MF5'-AGGATCCATGGCGGCAGTTCT-3")
ACLSV-MR:5-) L Sae S5T s 5 BamHI o 5l 31 Joes
S J>=s (ACTCGAGGTAAATGCAAAGATCAGTT-3'
S es PET28a(+) 0L ooy 555 A o2l & Xhol ("Jj
Ol oy 53 CP 05 Ll Ol Gy bl 51 5 il
\Y/0 = BE) PCR U:MSU S esls )‘)—5 cJ\_.er‘-;a V.A‘J.e
G 5 eks Sy gl ST 5 esliad L )y S
Yoo 4 48 C (S ) aids Y oode 4 48 Co gl >~
(JSew T0) 4ids) e 4 VY Cs il £0 S 40 08 °C casls
PCR ULASU &1’ S L-;\:M;j-i uﬁ:‘?jﬁ dj L}AS‘\&I&; odalin
A eslizal A3 VY 38T U5 5l as S

OaS PBU 4 Jlasl 5 J5 5 DNA askd (g5l alls
LACLSV _iig s, 05 DNA g5l Lol pTG19
05 sl 0bl&ay) J3 51 DNA il alls oS 5 ealizal

ule d‘f L rbu\ G.MJLMI \LSJ..;: M‘)}I«JJ L}JLEA (d\j'i‘

K i Slise s (Livieratos et al. 1999) olssus
Voloudakis ) o 5 5 Sl > 5 5 (Chenetal,, 2002) o -
(Hamadayanty et i Llesco Suljge s 5 (et al. 2004
«(Salem et al., 2018) =lS s 555 5m 909 @l 2016)
5 (Honnesh et al. 2018) K jax S S, Sdoms s
(Salimi et al. 2010) S pax oS 5,5 S Sdhows es s
Ol 53 a8 Sllles js ol ol el S5l a2
IR b s 05 Ol 4 Ol el 4B S el
$ls esxs (Gharibi et al. 2012) i85 5,5 Sljse
o3~ (Sokhandan-Bashir et al. 2015b)  joejc o
e ol Lo S 6Ll (Koolivand et al. 2016) L= il 50
S pons Slal A S 85 Ok 2y
ans o) g S oEo e EocOll s o SIS
(Keshavarz and Shams-Bakhsh, 2015; Alemzadeh o .| s
Al el Ll sladlzs et al., 2016; Abtahi et al., 2019)
S s SR wllr LAy Gl 05 Ol L e
Slloan L (o3l BT 0T 5l eslinal b 5 plowil e S35 18
solastl LS DTBIA 5 DAS-ELISA slaosesl b 5 ag
D533 5 o 03 s Onl s 03 o3 ag ol El

(Ranaet al. 2011) tw; L3l 4 Jlsatea

WG 0 ons S San M solease b
U 3l a8 5 cmbie Ol & Gooy O adss
O3 A2 OISl B s gl g |y s s opl s oS
s 0 S 5 e e e Slange Gl ms
O n 05 0k sk nl S B s sl el B )5S
ki 53 Glial & g5 5o el 5 Jsl 05 Olgs 4 i,
Jb w5 2SOACLSY oty o8, S 05
E. coli (¢ ,SU DH50 & 50 ;5 5 Joate PTGIY (¢5losiles
L Oles 51 BI2L(DE3) « 5w PET28a(+) Ol 555 4
My gl oS5 slolss sk @S5G L b Jsl

38 eslizad o3k s g sty s 0551

- WA Gl 5 a0 1) 05lacds /it 090 | s sl 5 S5 omrkitn



Q‘)&“ﬁ}d‘j_ﬁ"

e i g3 S 9 05 0l 9 G5l Aluen

23 5 glAl s e Ol 8503 ol &5l a1 eSS
Oy IS oS 5 55585 xS (gns (sla pons s 6l 2 =Y°C

.JiJ;eﬁﬁ-s

gl A SU ey sk i S S ) Al
0 03 rsebe e b gl 3 adds =y Dde 4 ol S cla
Sl sy, s ey 3B s LS Sl Vv
o 5 A eols pired epis O L ekt sbl oLk
gl 3L Ol e a5 TE L 51 1) e Ar ltie
Tris-CL  50mM, glycerol 10%, SDS2%,) .55,
» 4 (Bromophenol blue 0.1%, Mercaptoethanol 100mM
S G ol 5 aids 0 Sde w0 ek ged 3 S Ll & ge
33 msehor a3 £ (glos 45 i35 0 ks 4y e 5 LA 6305
G0 b e S B Sy 4 s S5l Vg

W23 S N3 s 50 B 5,550 05 0L SDS-PAGE

Jowd 95 e ol deol s S J5 5 5,58,
o el lacnSsn J5Se 035 o n Sln oW e
Sl eSS San s ede b 3y o 0
Green and Sambrook ) SDS-PAGE %5, L ous le'a.,al
Stacking Gel I, Lo s s LR o8 01 (2012
J3) Running Gel gl 5 dz ;3 VY0 clale 5 (oS oSl J3)
o3l ol losS U U5 (5501, 5 5 S eslizal (oSl

wjj}ﬁji.vl.&; )‘ OJLL’L\.»:‘L.OJ.:: dl.:J wﬁ)ﬂ o)ﬂy Q)} S 0
ExcelBand™ All Blue Regular Range Protein Marker 9-
A nd (015 SMOBIO s L5 51 ol 4gs) 180 kDa

C;:uj@\.b

0dd 2S5 ACLSV b gy oniis g 05 iS5 51 Jool
Sl tor e by SITNA 215l 51 am PPCR s
Skl cix Kol eDNA @ O fas s el
Gandas S gl (ACLSV-MF, ACLSV-MR)_olazs|

yéﬁebu&w\ (O/\pr) J;'M;'xﬁ u.:i.?j).i L}JS ujﬂb.lafja

PTGL9-T Jol> 3l ¢ PCR 3 oad 2S5 DNA laks 05 S
350 andad Jlasl g A eslinad (Glle ¢l s S 5)
23 oS 58 ey i eslizal T4 DNA Ligase o 31 51 5L
Panjaetal. ) wudS L IS gy Lol atles datee slad 5l
S35 G Ol g 5 05 sl 5 (2006; Shali et al. 2007
(+/y M) X-Gal (6+ mg/ml) s> LB suls oS Lo
B K ook 4 O mgiml) Koo ST IPTG
PTG doodly sl (s 2 450 YVOC 5L S
(Green and Sambrook 2012) U 53 iy, L ACLSV-CP

A el

gl Al LACLSY (g iy 05 Ol sl o5le 44
A e 2 ms eomen 5 PTG-ACLSV-CP S 55 deadly
5 sk a s s ST s 5« Xhol 5 BamHI slags 51
Aoy 5 PTG-ACLSV-CP oS35 Ly (o sSos
Sladad gile s 5 B S m-ﬂ 45 L pET28a(+)
53 s el DNA (g5l jalls oS 5l aslial b s s 4
dody 5 CP 05 ol el Lalls axkd 55 wolg
4 PET 28a-ACLSV-CP 0Ly o3lu 5 Juaze oa < PET28a(+)
o5 Sl 3l eslinad bedsl s w Oy ol el s
¢354l 5 BL2L(DEB) 45w E. cOli oSk Oljee 3 o3l

ACLSV (2dg 0fsn M5 $ln 555 slosls Wl
PET28a-)05 Oy S 55 Ly sl 0L SL sla0sls
S8 L f ke gy 53 Blas b & (ACLSV-CP
ke (Ve MMl g CBL L) bl sl LB sl
A A S 0 e Gy, Ll el s all
b e Vroon Ll Bl s ok SL O sl e
S SIS W 1 0503 S s ST sl alie o5l ciS
VO dewy M\ & lamas ol ODB00, 5 ol oS Sl
Oboj aiged Oy @ 2bSL Oprilimpm o 51 ) e
L S iy 3 s il () S ) i
Nk & chle 55 IPTG 055330 L ol Jas oo

sl u\:ljf.:a Celu b Gl g SLas, 5 e85 &y

AN Ll 5las 1) 6 lou [ 0193 | gt 5 (sl § K5 suniign -




i g3 5 9 05 Ol 5 ol Aleer

M 1 2 3 4

2880

582

doay a5 ot b se o3 VY 38T U5 s 550 501 -Y K
53 Sk il sls IS 51 s03 | 5 PTG-ACLSV-CP S 5 5
DNA  ExcelBand™ 50 bp Sl M Sals + Xhol 5 BamHL, 5
PTG- iludlunr S5 bt 2 U ) laal-  Ladder

("»J'j s basl o 8L e sla IS 51 e C\JMI ACLSV-CP
. Xhol s BamHlI

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.
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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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Figure 5- SDS-PAGE of extracted proteins from E. coli BL (DE3). M: Protein marker (ExcelBand™ PM 2500), 1-4: Extracted proteins from transformed
cells by pET28a-ACLSV-CP 4 hour after induction by 1mM IPTG and NC: Extracted proteins from transformed cells by pET 28a-ACLSV-CP before IPTG

induction.
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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.
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