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Abstract
Obijective
Potato virus X (PVX) is a member of the genus Potexvirus in the family Alfaflexiviridae.
This virus is one of the most common and widespread viruses infecting potato worldwide.
Due to the wide distribution and economic damage of the virus in Iran, identification and
detection of the virus is necessary using non-expensive methods. Production of polyclonal
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antibody through molecular approaches can be a useful method for detection of virus in the

nature.

Materials and methods

In this research, an infected potato sample was collected from Zarand (Kerman province)
and its PV X infection was confirmed by ELISA test. This sample was inoculated on test
plant and the coat protein (CP) gene of this isolate was amplified in RT-PCR test with
specific primers comprising Bglll and Ncol restriction enzymes. Amplified product was

cloned into expression prokaryotic vector (0QE60 plasmid). followed by transformation of

the E. coli strain M15 competent cells.

Results

Subsequent to induction of CP expression, total protein was extracted and run onto 12.5%
SDS-PAGE. An approximate 24 kDa band was observed on the gel corresponded to the
PVX coat protein. Furthermore, expression of the PVX CP was confirmed by dot blot

technique.

Conclusions

In this study, a recombinant antigen suitable for the detection of potato X virus was
prepared which was well identified by antiserum produced by injection of complete virus
particles into rabbits in dot blot analysis. The production of multiclonal antibodies by
recombinant viral antigen will be an important step in accelerating and facilitating the
serological identification process of plants infected with this virus.
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0dywS g oyl il S Potexvirus s o Alphaflexiviridae o3lgls I (PVX) cuej cow X gy tdla]
g bl ol 3 (wapg cnl (o3LaiBl Ojlus g (ymaS st Al e (e ) (e o 0315039l (sla g9 5
&) 85 5L 3l eolal b slailaniiz (ool 5T g5 adl o ()5 S48y b sla by jl ealaiul b o] (oL,
Al a3 g cnl lelid Jutend sl e B0l S S 59

Ol 1655 5 rajims £5l30 JIPVX & 03g)l sej o diged o ey b o 32y cpobus | e 1 piig 5 g D90
2SS e ysSdo iz 95 30l DAS-ELISA (901 baws 55 555 (g 09 & Camas o] (539 9 o] oz olo)S
RT-PCR STy 3l onlinl b o yg051 ol 51 (sl o)) )] zlysciasl 51 e 03,8 S jake (Nicotiana glutinosa) s5s (o)
Ol JBU 53 9 5885 (g (—dimdiyr B9 I i ol Gl i ol gl ol cla ST
A5 Jaze M15 45 Escherichia coli o xSt 4 «uS 59 duewdly 103,85 (gjludilusn (PQEBOD) 55,555

5 oy 2590 W0 12/5 5 eM ST L J5 55 SDS-PAGE iS5 L ¢ sl )l 590 opii p ol sl 51 o S gl
iy g S50 (339 b SDS-PAGE (ygail j3 alols 5l (JsSge (9 45 el o] Sily Jols ol .28
00,8 2ol 35 O b S5 50 wgpy (ide mBen ol Cuored )b caisllas (24 kDa)

& 035 atg o) e X og s s i5 Can cowlio (oS 59 (58T G Buios ol 3 (2P (85 oS
g b glolis @ b yeail 13 BS54 gpg JolS slaeyS 32)5 B2k jledd W oy (T w5 b
Sy Lol ALT )5 o 5 @ g Ao )3 g0 (ol S g5 (g 5Bl o3lisnl b glailaniiz (63b 1]
Sy AalS wre (wgpg ool 4 039l] (sladiges

o) o K w9 9 g ng (b (59 nS 5 nbigp ol E. COlI (651 gulS” (s 2314

Bostan & Haliloglu ) x5l - POtexvirus > 5 Alphaflexiviridae o3lgls 11 ssjoums X wopg
Buchen-Osmond, 1987; Yu et ) sl oo sl @yl 3 lpl y9i S 9 Lid ()5 wojum 3blie ples ;5 5 (2004
50 51 i B 10 5 ojumw o8y 9 (wopg 15 4 dtws o @)l l1se (al. 2008; Verchot-lubicz et al. 2007

Beemster & Rozendaal 1972; Shamsadden-) cwlbas (555 3mo)s 18 sgus 1l p3 o] LiiSly g do s

b bolse (Sl g 13 Jg il bl o) e LS 13 (i widle Yoomn c gy ol (Saeed et al. 2014

1 Potato virus X, PVX
VYA
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&)kus Tobacco vein motthing Virus 53 :s5s (cliomia ywsns & in) cum Y gy b jl s ps (Sor lo
2B &b 5l ol Jsl Sl opl b ogs o Jitie Sl §i,b 4 Yaene PVX (YU et al. 2008) 1S o 5)lg 1y ¢ yiiin
Tettigonia viridissima , Melanospora differentialis x L. 4545 45 Synchytrium endobiuticum
Koening & ) cwlbai 355 35 (Cuscuta spp.) ju—w slaasSil 5, ¢ (Koening & Lesemann 1989)
i i | (S POEXVITUS i .34 oo Jitie ju5 0dé g Bgw ayb 5 ST 4 Lwgpg ol .(LESEMann 1989
yogil 13 Ja8 ¢ 1205l 580 b 470 Job 4 pdy ied (i) o ygs g .ol Alphaflexiviridae oslgls 4 sl
g g -(Adams et al. 2005) el jzagib 37 5 3/3 sg1> gujle ya Job 5 0391 (ruylo o5 (sl a5 wi b o
A3 oo LSS |y 90 109 (159 o3 B D905 4 ssb s b oS T 55/9 dgun b cute (laniy G as JoSUge o (gol>
(Beemster & Rozendaal 1972) s_ib o o9l 13 (5,0 4515 Job 4y piy yied (slaiiy (slmo Sy (sl )b PVX
P POIYA §* sl b ol s Jols oS 039y (POIYA (sl ol &) 6435 Kb 1 6432 kb Jsbo 4 cuto 5 ¥ S5 pos
sl WM wlS L gy bli5 Jud 5l Giliseo Jolge g9, p PVX g onigy (YU et al. 2008) wib 0 37 slosl
(Feigelstock et al. 1995) 1l o sige oS Cunglin 5 (o555 sl ) ) 2o e alislons )5 0l )3 o

u**‘519) u‘g")919)‘“’ dJa)I) uu‘.wl)) | 04 ua)l)f PVX )I u.)gl.am dlmbl)) CUr929 alisco CJL.Ao9.\4> uul.wl)J
Sloas syli5 PVXHB PVXO  PVXA (PVXC Ll PVX 51058 b (JUslS sige (slo (b (ol &y o
5 NX ol 338 e (slo 55 ol 59 Ll Jodl uSe bl 5095 4 S 3l )l 423 (slise s (siopon
OS5 05 93 2 ogan > Sy 05)S laaliz el (nl  Ngd oo Akl 09 Sl & (Sejs ilisee o)) )5 ND
I) ol,.fg,._wm 099 u‘“§|9 Ubdj L)’I )'I ggv CJ&LJ)L&; » )LP 09).? L;Lmdg.].l} .J.;f@ ;§o)>u l) olﬁf ;.,u_wl_...o 099
o3 (Cocherham 1955) 555 o 250 oLS )3 Seotmns jobo 4 ND g NX (gl p5 ) 5 (Sgll g 08 0 K o5
(Cox & Jones 2010) w3l o (Comlu 363 STy Jole slo oy5) RX g NX (sla o5 b bl > idgy opiy

b g (Siggrotssl Olalllas jlaio &y Yy ogls b ale 0 5T aas g I g g 0By (AlS 0390l 4385
llllas (gl 005 gilo Jals ugpg b 038l il jlosline | ds 5105 L oo Coot] o cabgypo (slays 3,Skos 5 dslllas

SoaSan ol b (LS Sy 535 shan 5 Gugpy sbe S ilw s 39 JS—io L 4 Ll el (31 0505,

2 Potato virus Y, PVY
3 Tobacco etch virus
4 Open reading frame, ORF
5 Ribonucleic acid, DNA
6 Thermal inactivation point
yva
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PPVX ale sl an xix (0L 5T ags Caas 399 gy 5l w5 )by05 0 oYU (ools an )y 5l el osel cow b
s S 59 Syge & opBgpn ole by (il > .(Shams-bakhsh et al. 2001) ! s ool oyl jgs kel
AVl @bl b 58> sl el oz «S)i el 5 il g lSel g 0u b gl slagyig p SV o
ADOUZId ) 33,5 (oo o3lizial (23S (slaol 3 iy (90 0F Ol 5 (Saisbs, Sl 0ol J> (e @ il oo
s (oihid 3 3 M B b 345 (98 ne) s 30 0 PV X 02,28 £905 4 22551 (et al. 2002
b gy g 00 S0y 5 Ll epglate (s b plorl T ladig )5 oS (ool (BT g sl 3 g g RIS
3 g a0l Jlaw (E. €Ol p8L) e ljae 42 9 3 (silmle (592,95 ol U (90 (o) e X 0929
S SlegS by, 3l edlisl b g g S 555 (obid g eBig 0 el 3 ol S g S 555 (58S IS J5SUge ol i

285 )13 plulid 3)90 9 035 (gilo allS (LS

L g, 9 390

Ola)S” il 55 )3 e jeum <S50 JIPVX 4 039)] SoSiio sladiges PVX 4y 0351 (LS 3190
54, 32 gl IV 9ol bssi o335 ogg 4 (5291 & o oS iiplesl 4 U 1 g g 5035 (6] o2
& PH= T[4 LPBS laws 3L jl ool 1L x50 Liulejl (Clark & Adamas 1977) selsl o M gy (ol |
g L jglato &y dol Jas & (565 o)las (ajiam X Gag g 4 039 sladisad | S o Sy LL 59 /o s
« Nicotiana glutinosa L. ;ge;l oLS (9, pgsil 8 539 51 odliasl b o3g)l lalS o)las ¢ gy diges clale i3l
(Massumi et al. 2014) sus Sjal Sl &)g0

05 QLS 3l e o X ugs sl )T PVX (g g (o 2 (g 2 0355 305 0§ g5l
High Pure Viral Nucleic Acid Kit (Roche, Germany, Cat. NO: ¢S jloslaiul b Lwgpg ol 4 034)]
oy sawieilSe T14 Jg 3l assilSs 681 uSs ol s zlysein] cosijlo <8 i Joallygiws wll 5, 11858874001)
ol wlp (Kalendal 2005) 15,5 »lb Fast-PCR il oy 5l eoliul b ,551eT 93 PVX i gy cuiigy oaisS
Lol 1 Jgiz 535 0linsl (KF568906 (5 Sl Jlas o)) (909 00l sibe 0B 0F s gilS 39 ol 5l pgkato

Expand High .S ;jl esli_l L °DNA JeKo ai iy jiia ol 0a lo Ll (cag2lS 55 B0l5 ol o 4 L 551

7 Double antibody sandwich-enzyme linked immunosorbant assay, DAS-ELISA
8 Complementary DNA
YA«
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ol S Jeallygio d wle | o Fidelity PCR System (Roche, Germany, Cat. No: 11732641001)

() o X (g 319 (CP) (oalinbign (nig 1 (05 350 jobike &y o3liksl 3590 (51,5580 . 1 Jgua

Table 1. The primer sequences used to amplify CP gene of Potato virus X

Sl o}l (5'-3") wsly
Primer Size Sequence (3'-'5)
PVXF6 31 GCA'CCATGGCCACAGGGTCAACTACTTCAAC
PVXR5 30 GCAAGATCTTGGTGGGAGGGTAACAACAGC

ol B 8313 (s W5 ET JIg 13 (w3 ks L BOITT g NCOI (o0 (6l o 31 B ol

“Underline: Target sites for restriction endonucleases Ncol and Bglll.

b bgloca ¢,V gag,S0 Sy Calé b Sy ogSan 5 et s (sl 5511 Jal Pjlyaly (glojosj 25Ty o

Phusion® High-Fidelity DNA 4, 5T ;5,50 0/5 5 CDNA 600 Ng «;¥ge5,540 10 bl L, dNTPs
Jolye 31 IS 35 Jol Jai 390 3 ackad iS5 g PCR asbi 1 35 (398 a1 (5X) 3L olm 4 Polymerase
@iy L e 4y 35 lo 45356 (clos 3 bS5l Jlasl caids 1 one &y 3,8 il 433 94 clos 5 (ile and yul
3 DNA s cdle LaSS sl coles )3 38 4ids S e &y 3,5 ke 453 72 glos pDNA a5 asles Lo,
50 5589 7S daoy> S5 58T 5 53 el sty PCR ¥ guanmo s 4 8 1o 5 4285 10 00l ol 425 72 glod
PQE-60 Ly teowsdly s wig0s g PCR STy )3 0as (iS5 DNA aabad 1801 33 patd 9 (65w dilimod

Isolation Kit, High Pure Plasmid se_wd zlsewl euS jleslaul L a5 (QIAGEN, Cat No : 32903)
9315 o3l oy NCO |9 Bl I (sl o 5T b 6B8las johas 03,5 ly5s | XL1-Blue ¢ x50 ;1 Roche, Germany
Ins T/A cuS ) oslisw 1L Jla sl LisSly &V gun e .05 plosl T4 DNA Ligasew 51 joa > 5 Juasl (iSTly
a9 E. €Ol (68U (ygamloyiuslys ¢l Clone ™ PCR Product Cloning Kit, Fermentas, Lithuania
23,5 03 PCR 501 il S 555 dramodly (55l (sla oIS s i3 jglaie 4y 058,55 o3liiul 3,50 XL1-Blue
Seo—a 51y (5L cas 681 o5l L Gan 3 aS) NCOI 4 BT (sl a3l b cou 3T i (i5STy el s (o

oS 19§ BIONEET 05,5 Ls 5 oS 555 deows Y 0355 JIy o plizabl sl 4 5 plond] (45 o (55l s

9 Deoxyribonucleic acid, DNA
YAY
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Cloning Kit, Ins T/A Clone ™ PCR Product c.s sla Jglowe 5l osliil b G 13,5 G315 s 95>
oS jelate 4 b edld Jlasl i 390 sla o5 ol sslaie 4 M15 49w E. cOli (¢ 80 4 Fermentas, Lithuania
33,5 03lizal YU 53 043 555 (el i 9 PCR (yseil | igi smndly (55l 558k sla IS

oas &l W@l oy, 3l PQE-PVX g by sl e (E. COll (6 55 13 cuS 5 g (g p e W
ol LB ciiS lame 15 o g5 dnows M (g9l (sl S jobaie ol (¢l 0 oLl JOSEPh Roland (2008) Lo o5
D05 ()55 4853 55 593120 505 L oS (le 42337 (glod > b S e @y ke 4y g e (el S 3
235550 S > IPTG Voo oo o (sl Lawses 53 a5 3590 b s ol it 6551 dome e 8 ol 5l
156 M15 wges 93 (IPTG jo—a> pae) olo Wl 5 L3 3,8 plol aids 13 595 150 4 31,5 5l dmy> 37 (glos
o ol B 9B A 2 a )by iges b 4B S a5 5 aals plsis 4 o g paw g g3l MID g oS 595 ey
05 45 4 BX aigad 3l S Laeo 155 (3o palls pohite 4 g 2235 2l (IPTG 3,8 48l ol (68 5
535 Bl 3 ez slod 3 o 8B5S ) Sz (T 5lo Aigad 3,5 6L 1 Lo wiges Sy 5l Sl oad]
o gl 11,8 ashl e (Qiagen 2003) sas eals )13 51,5 nle 42,0 =20 (sled )3 o aily ()05 yglaio 4
5 S50 (139 ass (sl b 03l )18 215 (s 423 90 (glod 3 4B T ey L Wiges gy JolS ()05 09 ]
5oyl .5 )3 o3lil Page Ruler Prestained Protein Ladder (Thermo Scientific, USA) _uzgp ,55L5s
(%)) €85 Syg0 pulagS (5321 5y Jglono jloolisal b, SDS-PAGE J )5 oty

S i 5l ond ang JUslS (L sla ool (5T ICP (5905 guonl (anseids cag (ygajl ol 53 1M OIS (905
plosl o 5l any cslo 8 9B 2 5 ol sl 51 LS W oyl dig0d g0l ) plosl cas s o3l Lol 28 DSMZ
5 9abs JUs| 5l 5o L3 51 85 (sPsk i 3EIS (55, (L00MG/MI) y2Js Sen 20 (lieo 4 bosisos (5 iSas) s
5 4ad> 70 e 4 Blocking buffer b )5 (oobo gy Lie da aSU s Siad 5l o 28,5 plosl dgs o S5
3k (B 3L 5> TBS-T 13 b (g gy st el (gt 1 Ly b 03 51,8 4B )3 593 80 3 30°C (lo Ly g s
$d9)Se0 20 )3 cliz & opl coles 55 03 49 abge (I9G-AP, 1/1500) pg> (oob (1 3L )3 w9 (IgG-PVX) gl
225530 (sloo L ylsSil 3 483 20 ©oto 4y 9 935 59 dbogi Sliad by i (g o8 335 2 (gl g 3l

8,5 8 35wl

10 Isopropyl-beta-thio galactopyranoside
YAY
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Y it )3 (onj o S2S E)l3o )0 dige 3l am 1039)] (e s QLS I (g9 (53l 1>
L 1y 1Y) Ole liae op yidi 4 aige 5 0lid (6 yglaen sladiges o I DAS-ELISA (505l plosil g lo)S" )l;
3,5 Ol JeSlge cladllae 9 N. glULINOSA o3, 5555 oLS (<9, p (Sile s 3D

b agSan (o)l e g 4 jlyedy (slopos; GiSTy Jg—ame 5,890 15150 (o (51 0y s S Tg
o 15,51 J5 0 CP o5 sl o3k s 681 axkas 6 S5 0 yoie PVXRS/PVXFG (cla S5lel 1 ool

(L Jsis) il ooyl 5590 dakad Jslas ojlil Llsd jl a8 05,5

3okl b PVX 1l alas (CP) (ot gy (mii9 31 (05 &2 bg2y0 PCR Jgasmo 55989 5011 JS&
Thermo <8 55b sbS S DNA 5511 5L 5 :M PVXF6/ PVXR5 oo La a1 5,5 5L
Coinnd 93 (oo g g1 (35 & bgape b piST (55b Cds 681 axkad i1 (Cat. No: SM0311) Scientific

oV9RY

Figure 1. Electrophoresis of the RT-PCR products related to coat protein gene of Iranian
PVX isolates using specific primers of PVXF6/ PVXR5: M, 1-kb DNA ladder Thermo
Scientific (Cat. No: SM0311) 1, amplified 681 bp products of the coat protein of PVX

Ncol 5 BgHI slo o 5T L (o351 iy alows g 4 PQEBO-PVX Ly JB6 )5 (g5l diluwon I g5lw dilunod
J8b 5 lis PQEBO-PVX (oS 55 J5U 1 b cuin 681 05l b CP 5 4 bgy yo et (y238lg plowil I s 03,8 40l

(2 Jss) sle 3L 5L s 3400 o5l L PQEBO Las

11 Reverse transcription-polymerase chain reaction, RT-PCR
YAY
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Bioneer c5,5 4 oS 35 dowdly 55k 0 I ol cx PVX (g (g 0 o B35 (o

G35l 5 g b osal Cuwd 4 515985 5 g dslio 0sd g3 daad I s S ey - 20,5 Sl ] a9 05 5988
KER.LA2: 5 SL s (w)) 3905 @l ) Jlas 3y90 B3l como Blast asl p b wg o5 SSL 1 39590
5,3 SDS-PAGE (iS5 5l oolizus 1 E. COli (M15) jue 5 PVX o g3 c3ia e 05 oot (ymsms (KF575175
23,5 odnlio (.5 g (B ly 5> oS 24 g0 (JsSU5e )i b (B daiyatig 58901 )3 .85 )5 (o s
i b 8 035 s 5 oS 24109 i gy 9 JsSUge 155 EXPASY cp T 158l o5 ol (3 JS—s)

sl cislhae 35 SDS-PAGE (4051 3 osis saalive 15b  JoSUge

9 BOl (b o 351 bamwgi o (W40 9 E. COli (555L 51 PQEGO-PVX spomwdly gl il .2 JSi
(Cat. No: SM0311) Thermo Scientific <8 s 53b oS 1 5! o (68 83101 )L :M .Ncol
3 Jols PQEBD spowsdly (g5 i 3431 ashad o (CP) (ouieadigy (gt 005 (554 > 681 ankad il

o2 1 e
Figure 2. Extraction of pQE60-PVX plasmid from E. coli and digestion it by restriction

enzymes Bglll and Ncol. M: DNA ladder 1kb the company of Thermo Scientific (Cat. No:
SMO0311), 1: fragment 681 bp of the coat protein and fragment 3431 bp related to pQEG0

plasmid from diges

b pigeil 53 (s olug i L (530l ) jlam 1M I3 (49031 53 B S 593 (T g (ozlaw Uund
OeSg Bged 3 b a8 598 WS b PVX g g iy nign (oo Laidl (ool (usSly 5l o8b 55 S5, My

Je L)’I [FRRWARRVARPRE-KVS %)) UL‘J sl ) S8 pQEGO-PVX Seows My 69l> A.aug)Jy E. coli d)..fb 5o Cl)zm:l

YAE
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SSL 0 o5 ol @l e iz gla oy 5o 0ad gl wl piigp (b dged yd HlaD] 350 )5 K5y risly drwes

(4 JS3) sr polaisl (oo T gy o (ololis s PVX gy o 555 (obidy (uBan 3890 Ol e oS 593

150 Kds
(] 1lfnc.
18D KD

T Kk
LT

40 KT

3 Kl

10 Khs

15 Kl
10 K

r— i

St ooty Jols oS i B COIT (g 58 51 auid gl y5imal (39 30 (s Lriged 5,589 5501 .3 S
M15) salis aiges Mto (PageRuler™, 26630) cwiigy J9Vg0 39 Wi 5 :M .pQEBO-PVX
T sbSals .oyl W1 51 Jad oS 5555 dwomwMly (51,13 M15 sl diges Mt d(cuS 55 35 dwomusdly 23
05 W1 51 oy Gl (ta) Cuitd g (ts) b (2) Jlea (t1) 93 )3 2 15 | ST 2 2 by o
b g5 0aus gl (wgpig (b 0 53 (89952 PQE-PVX S 1595 o My (591> (555 4 a5 3,90

2l 0 915 SbS 2419 (359 (1,15 (92,9 e
Figure 3. Electrophoresis of extracted protein samples from the recombination E. coli

contains expression plasmid pQE60-PVX: M, protein molecular weight (PageRuler™,
26630), Mto control sample (M15 without recombinant plasmid), Mtl control sample (M15
contains recombinant plasmid before the expression induction). T-plate related to extracted
proteins at two (t1), four (t2), six (t3) and eight (ts) hours after the induction of target gene in
bacteria containing of the pQE-PVX plasmid. The coat protein produced by prokaryotic
system has 24.9 kDa weight.
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Figure 4. Dot-blot test for identification of recombinant coat protein of PVX in protein
samples isolated from recombinant E. coli harboring pQE60-PVX. to: the target protein is
absent before induction of gene expression in recombinant bacterium. tz, t4, ts and ts: The
green color showing the presence and interaction of the target protein with PV X-CP specific

antibody in protein samples isolated from recombinant bacterium 2, 4, 6 and 8 hours after

induction of gene expression, respectively
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