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Abstract

Alfalfa mosaic virus (AMV) causing a disease in
Alfalfa (Medicago sativa) crop in Iran has been
identified on the basis of determination of symptom
expression and morphological properties. There are
several techniques to detect the virus including
serological test and molecular methods. Reverse
transcription Loop-mediated isothermal amplification
(RT-LAMP) assay is a novel technique for amplifying
RNA under constant temperature, with high specificity,
sensitivity, rapidity and efficiency that is used in this
study for detection of Alfalfa mosaic virus. Leaf
samples (100 samples) with symptoms similar to AMV
were collected from Hamedan and Kurdestan provinces
and were subjected to a serological test. All four RT-
LAMP reaction primers (i.e. F3, B3, FIP and BIP)
together with RT-PCR reaction primers were designed
on the basis of the highly conserved sequence of coat
protein (CP) gene. Total RNA was extracted and
molecular reactions were carried out and finally was
detected six positive sampled The advantages of this
new method in compare to other methods include the
high specificity, high sensitivity, high rapidity, high
efficiency, safety, fascinatingly, no requirement of
expensive and tools for amplification, no post-
amplification treatment of the amplicons, visual

detection and user friendly.

Keywords: DAS- ELISA, RT-PCR, RT-LAMP,
Alfalfa mosaic virus

E-mail: aminalmasi66@gmail.com

ol s Aifalfa mosaic virus, AMV) s Solise oss
s e Medicago sativa) a5 Jyams 53 Sslew o S
by et leld oMo 0l 5 S5 8se Sl et el
S A s s ) GRS S e s, e
Oge3l 35 ol JsSUsn sl sy 5 S5 s sl sesl & Ol e
TEVErs ) ail> 4 wwly gloer G5 0Sae (gls pasns
(transcription loop mediated isothermal amplification
woolatl b bosea i cod RNA 6 g s 55,
eSS opl 53 S Sl YU LS 5 e e
Ogeil el e 4 a3 a8 S S 4 amis Salis s
oins ki (e b (G V00) (S slakised oS5
Ldd goslaar Sbws S 5 Olas sladkal plaw 5l 4y Solsse
« BIP , FIP B3 F3 L) RT-LAMP _:si, SiEl L
s ol » B 5 F Juls) RT-PCR sty sl S50 of jan
g Ls b (CP) 5, i 05 5l sldd bl s
Sse slaiSls 5 gl S RNA (iU slaosasl el
Ol sble Sl Al esls Gashls Cote wised A Cul 53 5 LS el
Coolal 4 015 o ety sty mle baglis 5o i )
43 pde (g eal Y DS W e e VG el L
S pasis Gl 4 L e IS g gy Sl

35 03l 0T Lwss ) 5 gledalin Lasis iSS

RT-LAMP RT-PCR DAS-ELISA :6ul5 sloils

g Salise usp



(VW=AF) WD bl qomdylen o)l cuomiy Jlo e oelyj LS (6ygldcuwj (idgh - (oale doro V¥

(Nicotina tabacum) ;ygy » ¢ Sy oAb
dSgpbe e @dle Gop e
Ahoonmanesh et al., 1990; Massumi et )
e AL ot &y dld 45 od,le> .(al., 2012
JGsl 51 LG &yee 4 (Mysus persicae) oo
JE cpl 2 ogMe diud (g nl slaorizmd
3 5 Sl JS) (o 55 0 Blas Luwgs
OIS 38 rejme 035 9 5k Bo)b 5l Jls]
Barker et al., 1983; Bol, ) cwl o
1999;Schmelzer et al., 1973; Frosheiser,
Jw ,» (1969; Zschau and Janke, 1962
o oSy dx Cank b o)l VA0A
T 9 M B lapl 4 05 aw 5 osalin ywgns
B8 oy pacsdl Sy (San Ohbe b
SGRNA ¢4 5l wsps opl pos [(Hull, 1969)
RNAT slapl b gewd daw cute slans,
ey wwiy 4 &S Cwl RNA3 5 RNA2
s P2 giluaslen gy Pl (gilosilen
SIS 50y 1y (CP) siudgy 9 (MP) (S > (g
Bol et al., 1971; Brederode et al., ) xS »
1995; Pesic and 1980; De Graaff ef al.,
oss pbxl oL Jlg olles (Hiruki, 1988
ilisee (gl 3 CP (5 (sasslS s 8ol 5 g9
iy 0 CP asl a5 ob ol yegpg op
9 039 g p (ol Cueal I (Sumiold
@ bgye 0f SOk 2290 Bl o yiie
w9y -(Parrella ef al., 2000) cuol 4l -yl
P2l Jsere sl glagwgny I AMV
Cpgme > 4 adloe jhd g domg Cel)
dlge dlo ¢ funju g)lje 5 w28 sacuiS
g Sslige wang & (Sl g9y 3l oo
Ol g ol S slagll Guejcuw g)lje 5
23,5 oo odnliie
Fr 3 SelSgnd S
aad Az by cwl VY 8 sled,sliwd

.

400
Sl S (Medicago sativa) axcy
gl 350 &5 035 (ej 0)5 g9y lsle lalS
Massumi and Hosseini ) cul o)yl o] Gl
olS cpying olye 4 olS pl (Pour, 2007
LS g b 4 pglie (s pobo 4 cgladgle
Gl CosgdSal 5 (S5 5 98 4 Jare
S wypy o 5l (Massumi et al., 2009)
Alfalfa mosaic virus L3 'yl exSesd
5 (AMV g Bromoviridae (Alfamovirus)
mabgle GlalS 4 [ )lud (sl gy o pioke
Al-Suhaibani et al., ) il o 4559 059 4 (4!
&y wope cp! «(2010; Frosheiser, 1974
Oleeds VAYY Jlo ;5 Weimer Lwg )byl
S wun Salipe e Jele
» Massumi and Hosseini Pour, 2007)
Srege bwg WEY Jlo o b ol ol
GNP @59 olS s9) JJAMV (ogpg (S
o) (Manouchehri-Kashani, 1968) s
Pl Sl sy (p o35S 5l (o pogns
4 pB oy ey L alS lagwny o
gl Vo leio 4565 Foe 5l iw (gjlwodgl]
! Ry
https://en.wikipedia.org/wiki/Alfalfa_mo)
«Compositae  odlgls s  .(saic_virus
Solanaceae ¢ Leguminosae Umbelliferae
woons &l Ol 2L s oy lel
Ahoonmanesh et al, 1990; ) scwa
ssb 4 (Hajimorad and Francki, 1988
e Gl g9y » lew @Me Jyene
Ho 5 Salige s w5 59y 2 ol Ogliie
83y wuw (Pisum sativum) o6 > (A
(Solanum tuberosum) _uojcuw ,» &Sy

ikl 9255 9 Lods 9 S 1Sy (145 059y o



vo v dhog & (AMV) 2559 Saalige (g g (2lolid 9 (b3 isulel

5 sobais! qapw wdls b, LAMP (2003
oS Cunl S gl S5 Sl d3po 4 e
Conl opl5 g Eiken 8 b jlasl o o 5Ll
Haghnazari et al., 2011; Horibe et al., )
» o9y ol idlssie (20065 Lee et al., 2010
s & o sl il SHET Jog ) oslisial 4l
A8 o ol Iy Ban ) 5l asl i olaisl]
gy 9 S slod S 3 STy il oy
S50 Cyge didy (il HiSly jledlinl b
-0 O b 9 45 (Notomi et al., 2000)
bylseo b o plos dlusgaty dlo o S )5 s Ll
o dae 390 il g 3l da Sl dndiges
dous JolST 3)S il ax > FO U S el glod
GLDNA (ol <Yga>e (Almasi, 2015)
5 B2 JIg Jl pesSan LSS e b adb—ail
st ks ladils b aile J5 Bl ybsle
(Fukuta et al., 2003; Notomi et al., 2000)
Iy (cDNA) JoSo aisy Slgs 0 LAMP o,
2SS RNA B9y (ol b g 85 s STRNA (g5,
RT-LAMP g, cpl 4 & dgid 03> il o
o b o DNA (5 alia s gy ) 5 oo
bobuw 4 (wsSae (s opaouns mpl 8 oglis
Almasi et al., 2012b; ) 396 o0 a8L3] 5 STy
closs, o956 (Fukuta er al, 2003
ooy sl Glp b Js¥se 9 Sejdsre

& g dox ol 5l S Wil s 5,54 AMV
Xu ) sl g8 opSngSee g iy 0525
2 e (Nigore slagby, {and Nie, 2006
Moreira et al., 2010; Zitikaite and ) 13,Y] 4l
SoNg0 sl sla he, o (Samuitiene, 2008
RT-PCR) (pusSas sl Sy 55Ty 25l
Gillaspie et al., 2006; AL-Saleh and Amer, )
RELP) sy ol Jb o (2013
loyou; yiSly o (Pesic and Hiruki, 1988)
Culal ) (IC-RT-PCR) _rius sl woSao 3l youdy

SelS ganl aly p pasuls laghy) @bis
b lglon paseds g5y Bl ol 5l S
L aslee o il ool 5l (S led,S dgame
9 Buwgrg 5l 6 (Geie Slalen pasuls
9 L9 S (g poke dicslen slags ySh
o gylow jl loond cads 4 Ml Jlod e
Hosseini et ) cul (S559)g mogigas] (sla hgy 5o
oSl gy J(al., 2014; Notomi et al., 2000
b5 glaamy ) S (PCR) jlueddy (slops;
L85 B L pole luiedtily dxgi 3)90 o
Sl Julyu,o oS ol uuL..\o 9 X (99 ol
buwg &S daw U1y DNA I Suil sladses
8 eSSl pasits BB 5yse Sl 5
(Almasi et al., 2015; Moradi et al., 2012)

bl Cusl o)l slocaje il by cnl 425
Ol dex o) 5l &S canl Slacadgase gl
2SS s A Sl sl sl eolael 4
Bolugey s & b el ol
5 L)l sla gy 4 5l g (Cud Cod) S)
sile St Sl ) 28l iS5 Jpama et
Ahmadi ) 5,8 oLl (395 0 03kl Slogys pos]
et al., 2012; Almasi, 2015; Nagamine et
al., 2002; Haghnazari et al., 2011;
@wsdS Jw Ve b > (Moradi ef al., 2014
Loop-) dal> « atwly slodpd iS5 o,
4 4« (Mediated Isothermal Amplification
(Sl cle @ 1565 0 LAMP ] & jlais]
4 Py pase Cpolaidl 5 Y WL e
)5 )5 a SlS gl U )3 (glos s yobo
Fukuta et al., 2004; Almasi et ) cuol o0
al., 2008; Hirayama et al., 2015; Inacio et
4 obiwd ly cwd oS Slies (al., 2006
b awolie ) o] Uolye g Cans jlidyge YL cdd
Almasi et al., ) cuwl S Jseze PCR
2012a; Notomi et al., 2000; Fukuta et al.,



(VW=AF) WD bl qomdylen o)l cuomiy Jlo e oelyj LS (6ygldcuwj (idgh - (oale doro \ld

Bioreba, Suisse, ) AMV  daluens
GpYl sy 4 (No0.140522, No.140512
Clark and ) . pbl (DAS-ELISA) 58l
ool > Syl p S /N i (Adam, 1977
Srfotas (spSofar B ke Ko b e
S &y Hlaid 90 I8G 1l 0l (eSS Sl 5
b (\/\...) 053w L;»L.of Lzmy AW REWY
- Sal > o] judg)See Ve e 5 38, ddy
Celo Hloa J oo e a4 ey il aisy;y ey gl
A (S5 1S ol as > YV glod jo ailbp S 40
2l 52) b dw g adsS coly oY oy B Sl e
O o Aeandd guliiana SO b (428) dw o @
g ySae Voo ajlil a4y 5 s Sid oS jobas s
sadiges Jolis oa oslel Jd 3l alS sladiges
«Bioreba, Suisse, N0.140553) cuio Jals
5 (Bioreba, Suisse, N0.180043) _aie sali
W) S Ge g bSaly ) (gpSe)las 3l
e sbod s S Gde 4 Hlaidyee Cudy
P9y & Sl dm oy )5 18 8IS il ax
Sl e b ol g dtd S8 ead (8D
@b lySan Ve el S o8
Bland WS w3l 4 ord fate (clilueniis
5 8lsl b Sals 4 Conjugate 8L, ol 5.8,
YV gl el Hlas e a4 e o) 5l e
Sl b 00l 13 a5 40 0,8 il as
FI0 Hlase |8 diles culy (0,8 Siid g guliiond
w2l ptages 851 land Jidg il p)S Lo
Lsgw 5Ly e $10 )3 cunl jblawd W JISU]
Jrye O] | yideySae Vov ojlil 4y 5 005 I
<88 18 018 il as > YV slod jd g ailbp S
Saly Ky s 42> ¥ JIVe cislS

A5 0aalio g (sw)p gluse i iz

A ,b S oylsl (Kilic and Yardimei, 2015
ls @y ole g oyl > LAMP iy, &
Potato leafioll virus sile (oL sl yweyg
Ahmadi et al., 2012; Almasi et ) (PLRV)
Almasi ) (PVY) Potato virus Y (al., 2012a
Curly top virus {and Dehadadi, 2013
Tomato  {Almasi et al., 2013a) (CTV)
Almasi ) (TYLCV) yellow leaf curl virus
Beet curly top virus et al., 2013b
Grapevine (Almasi et al., 2014) (BCTV)
s (Almasi, 2015) (GFLV) fanleaf virus
(JYMV) Japanese yam mosaic virus
Lol ol o5 48,5 )8 & (Fukuta et al., 2003)
lolid > oy ool 2l g8 o8 bl
ORoR cnl 5> sl 0dis (pwyp AMV g
ooy el caa ol @l L odsl

A b)) oS de

Ubgf:j) 9 019.0

aiges R g (6,15 pdigod
wrig Salise oans i 5 2ol Hshie 4
cuiS ol gble 3l WYAY-AY el e b
@ (51 pdiges e g buwd S (la il )3 dsdgs
«Slige dile oMo b sladiy Sy g 2ol oo
(835 it Salige {AL) (pdey 2)5 Slige
oRiolojl 4 5 Sl (Suzmn 9 LSS (Jgb
P Sy deed Ver ol (Va JS3) was Jae
oo S5 L g by pob 4 (Sl (loans
5 SSeidame slogell bl Can g lopise
eSS IS il axpd lr led p JeUse

TR W)

S 599 3 901
Soidom 09o)l AMV Logpg olulis jglateds
pyw 5l 3 oalinl b odd (6yglxen (cladines (gg)



\a4 41.3“9 4 (AMV) g t_{ﬁl)yc U929 dLu‘.u.u 9 Lfllﬂ')) gwul

3 933 > (! (ojtuw) DEPC b ot jlass
D8 ezl I 8 B ol e as > =V gled
ROt

2391 s S 51 JS RNA g/ Sl
Ohoy 4 45 ugpg & el Sy sladiges
sl JS RNA glyctal civgs o sl 13,
» [(Rowhani and Stace-Smith, 1979) i
FgsSen B0 Job Ggwy @l db e L
BT §

b)

F
1261 TGCCTTACGC AAAGCTCAAC TGCCGAAGCC TCCGGCGTTG ARAGTCCCGG TTGTAAAACC

1321 GACGRATACT ATACTGCCAC AGACGGGCTG CGTGTGGCAA AGCCTCGGGA CCCCTCTGAG
F3
1381 TCTGAGCTCT TTTAATGGGC TCGGCGTGAG ATTCCTCTAC AGTTTTCTGA AGGATTTCGC

F2 . ¢ Flc

1441 GGCHGEICEENATCETCCARGIRGERTCTGAT TTACAGGATCHCICIINICCANIARCABEETC
Blc
————————
1501 CTATGCCGGC ACCTTTTERCHICACTCATCANCGIGACGACT GAGGATGGTA GGGCCGTTGC
B2 B3

———
1561 GCATGGTAATICCCATGCARGIAATTITCCTCA TGGCGCGTTT CACGCTAATG AGAAGTTCGG

1621 GTTTGAGTTG GTCTTCACAG CTCCTACCCA TGCGGGAATG CAAARACCAAA ATTTCAAGCA
B

1681 TTCCTATGCC GTAGCCCTCTNGTCTGEACTTICEACGEEEAG CCTGAGGGAT CTARAAATCC

005 (5y5laer CBS 1 59y 3 Slow s (2 ) IS

AMV [aseis ly 0as oolizl oS5l combye ;I Soilos JS (b

)38l py5) PrimerExplorer V3 4 (RT-PCR
RT- Skl slhb ces ops online
e sl () Jos) céS &jee (LAMP
e Sl sl luk (Tm)
b 5 (GC) it 5 ol laasslsys

55K b
2 Jge slagygeil plbxl e bS5l oL
Ady5e ogny (CP) xlon idsy 0f ool
L g Genbank: K02703.1 _slolis oyleds L

STy cas) Oligo 7 elaylidl oy I ooliz



(VW=AF) WD bl qomdylen o)l cuomiy Jlo e oelyj LS (6ygldcuwj (idgh - (oale doro YA

L u\))j‘_;ﬁ )‘)9 ol dy90 DNA ).u.w LS‘)'.’
chle LAMP sl jiSly 00 > oped
sl Slel 5l iy adeen b a5l

Notomi et al., ) sgi 0 43,5 a5y o,
2000; Haghnazari et al., 2011; Nagamine

Sy lB Cusdge Vb Sy (2002 ef al.,
o3> Lis CP ()5 (g9, 2 odd b (ola )5l

I W)

Sl ohb  gulS et ke @b
.(Notomi et al., 2000) szwe LAMP  i:S,
(FIP) 5y (1515 55T 53 | LAMP (g,
5 (F3) gy (25 55T 93 55 5 (BIP) 5y
D95 0 oslazwl L)“‘S]? fnbol LS‘)’ (B?)) 9y
Cuwss d>ye ,> (Nagamine ef al., 2002)
B el Skl by iwSly ol s b

AMV gy cSan pidsr 0 2855 Glp o435l 595l sl S5l ) Joas

Length of  Length of

Primer : Sequence (5-3)
primer product
F 21 nt 1450 GCTCAACTGCCGAAGCCTCCG
B 21 nt P GCGCGTCGAAGTCCAGACAGA
F3 20 nt CGTGAGATTCCTCTACAGTT
B3 20 nt CGAACTTCTCATTAGCGTGA
I;fd(g)" 47 nt Lal‘iilf:r' CGGTGTTATGGAAAACACCATTTTTACCTCGGATCCTCGAAGAGGAT
zﬂzlg)c 47 nt GTCTCACTGATGACGTGACGTTTTTAATTCTTGCATGGGATTACCAT

(B) gy S5kl Yoo Juo +/-¥ PCR (10x)
Moo IV (F) gping Sl Vgo oo o/
ilyosh Tag DNA &5l ;Y90 Jue +/+) <DNA
Jio Silugeys olSzs 55 5 4 & (] i)
(BIO RAD, USA, No.170-8720) iCycler
slod 53 4add duw o & Al L pulg A plodl
Ve b 3 PCR 4 plxl ol 5 o5l as )0 AF
P Al Ve Gl 4 gilecudpuly dsye ol
4l Ve Gt 4 Jlasl ol 5 ole a0 Y glod
Lol ady colw 9 31,5 e 45 )0 OA glo>
ploul 4ol A e @y 31,8 Sl 4 > VY glod o
Ay VY gl 0 dddy O wae a Ll o
A5 el gl ad; cidl JuwoSS oS ol
2oy N 58T 5 5 (Jaame 559995l plol ca
J2e Gel documentation olSuws j> J5 ¢ o)y

b odlb )8 (Biometra, Germany) Bio-Doc

RT-PCR y505]
4 oS ogpg & o9l cladiges CP (5 iS5
RT-PCR gy b Ldg o (olwliss 11 g,
el oas b ola,Silel can 5l oslatul b o
Yoo oo /Y lal cDNA ais) i Ca Ad
Ode & 3,5 Dl 4y VO by p» S RNA
2 dolBM aalg) (plodl | ax g 00l> 1,8 48> aw
VO 2l w3 STy 5 48 03l )3 & )

RNasin Yoo oo +/+Y DDT Yoo le

+/+Y {Fermentas, USA, No. EOO0381)
Nyoho 10 (B) gpuy SHET Yool
AMV 5] Nso Lo +/Y 4 Buffer RT (5X)
(Fermentas, USA, No.EP0641) ;.. RT
Celw S e @ oS Sl aa e gl o
BLaL I ey jhesy Sloyesy STy s plo]
ANTP Yoo Lo +/+Y Jols jLidy50 dlgo 3,8
Buffer ,Yso Jio +/V MgCly Voo Juo +/+¥



va v dhog & (AMV) 2559 Saalige (g g (2lolid 9 (b3 isulel

g 2 plol Y1 pygasl dagl )5 gy ypi
) Cute diges £ wdd inlojl dige Voo Cpw
uo‘..a...’>| JA.‘B )l FLY Lﬁ“’)l‘”‘:’ O»L»‘ » 4 (.\J.o).)
oMas b 3) AMVT lapl b dg o 00l
AMV22  AMVI8 (ks okl 5o
okl > 098 s j) AMV38 5 AMV26
ol > ke s Sl) AMVS3 5 (pliws S
o> lialin (Ya JSb) bad  olels ()les
YL cbale snad )l g S5y 4 avg b
25 GV zady e g 00 gl 0 wang
ELISA oKy 5l ooliiwl 4 (g5l Mas 5,
2 Sefsdorm oigeil Ko IRV o) 595 Reader
N TP PAPC GO N PP RORE: By O YR
Oty ol Mt Sl 9 ple; 5 oSl 4
sy 5 (So S lgn wls il e 38
390 33 .ol RNA sl & 5l pas (igy oy
S5l can 5l edlizal L RT-PCR 281y plogl
S5 & e (F) gpin g (B) gy (polais]
(Y JS5) ab 5 s ¥FO Job 4 (glaskd
Slsie 4 RNA jl oslizl L RT-LAMP 28l
sy 13,8 2l b cate STy 5 0 bl 53]
b (Yo JSis) wd 0l ond Jols ©yelS
J s b pSeSee Ve Jaie LAMP isSl,
“(e My JiSTy bl I g See Y0 > DNA
e b odd Wy Slawdyrn (g nlnli 390
ol Js 4 a8 S e bl Cgay g o3y 28Ty
oSl 2,Sles &S Jbs 1> g oo sdblie & ygaS
Sy Ygoihe [0V 2900 4 Slindgrn
e Olhudgyn Cgu) Mg 4 B axi ) &S
STy ooy DNA 325 53 cplpls 5 Cons
4 D9 ges odalie () g jledh (lopd)
A i o gyl Vb (glod > Clawdg s oo

RT-LAMP (505!
Sl o G g olojer yob 4 RT-LAMP STy
sl ) Sy 55 5 5 oy 4 RNA Jl odlical
a0 YO o> ;> JS RNA Yoo dio +/V il i
pladl 5 axy g 02 5,8 ddBd dw e & S il
2 iSly 9 88 0dls 53 F 9y 2 alolidl ladly
Noohe NN ol dgSen VO 2l w2
Yoo Juo +/+Y DDT Yoo lo +/+0 ANTP
[+Y (B) gy 55l Yoo Lo +/+¥ < RNasin
Buffer ,¥ge e +/8 (F) gy S5ET ¥ g0 e
yods AMV RT 351 Voo o +/Y RT (5X)
Sl Yoo Lo +/+5 FIP Silel Voo Juo +/+5
Voo dwo +/+¥ F3 55kl Voo Lo +/-Y BIP
Ngaho 1% ey Nya o /A B3 S5l
s Buffer Bst (10X) ,Ygo Lo +/Y MgSOy
New ) jlyes Bst DNA 5] Yoo Juo o/-¥
4> £+ by p» o (England Biolabs, UK
b £, plos K )3 4By Ar e 4 3,5 5l
9 CiS gyl g iy pldl a4 cdl
Oecren A odalde Cute STy il Jols @ygaS
53999550 20 )3V 581 5 55 Jgpame 5l 5l Sie
Gel documentation oKzws b (¢ 30l S5, 5l o
s,y (Biometra, Germany) Bio-Doc Jie
RT- 581y bl aob cas cpl p oMo i
Sorke Kyl Yo deo /i LAMP
55 (Lemongreen, China) (HNB) 5L Jguws
STy Eoyd I S & i ol 4 el edlanl
oiSly bolsee 4 S5y gl 5l Yoo ke o) e
rdz b gl (p STy plosl I a3 HLS)

Cap pl oyl 5 dadiged (yglxes I am
)‘ L)L*"‘Jo‘ 9 U”9x9 LY o,)}ﬂ LSLQMJQN



(VW=AF) WD lianls qodyloa oloud cuomiy Jlu e oslyj LS (6ygldcuny; divghy - (sole dloro A+

5 A O (o e diue (] 355 S
b calhs alie ks b & 355 ol

Notomi et al., 2000; Nagamine et al., )

J5 9y 2 08581y Jgazee (30 b (pripen (2002
b Sl 5o el 598980 g a0y ) 35T
Gilisee glaofsl b Sl A5 5 36 45 A oy

(¥4 )

>

T QO T m g O w

cle ay jhedy loyems JiSly o > (e
(Slwcuymly  cax YU gl eolatl
Notomi et al., ) dei 0 3oyt Slawdgyy
@988 9 DNA i (o (site (S (2000
oSl 50 DNA - e il Loyl s
~CyelS &S b ol ol Glagh wls Ll
Cuod 5 ol edlawl 4 56 o
LS o Bl |y (5,989,801 g PCR STy 5 wisle)

samples 61-102

T Q mm g 0O W >

5 8C 6C SE AG 3B (slacaly « iia 18l5 digei 6F Sals o 1ali diges S Sals J5¥1 y90i] ol (2 Y IS
5,589,550 51 Juols gults (b Atz AMVS3 5 AMV38 AMV26 AMV22 AMV18 AMV7 (cladises iai s 4 10F
DT 5 9y 3 a0 ) ol ol (0 MESO4 i 1 ol 958 (6 RT-PCR egns 181 Jj s
s Vo obp e M g ke Jali el e 18l diges AMVS3 AMV38 AMV26 AMV22 AMV18 AMV7

pY LSl ashl ¢l BIP o FIP (cla 55l
Ao S5lel 51 S o Jlasl pas &g )3 g ol
SSomen ol 5 93 pll 55 LAMP
dgdises odaliie 5 (JSb Sbay g9l g )9S
Notomi et al., 2000; Haghnazari et al., )
wolad] )3kl o Sl 5l piomen (2011

L RT-LAMP 21y cate gmbs ol ogds
L oS (HNB) ol Jgid (oS gyhen 5 ) oolitul
s olpen Slowl o 4 L IS5y s
9 lhoaalin e (Yo JSB) Mb osalde
LAMP () JgsJge 20b sladg) 559995
&kl sbx) LAMP Ty 56T 55 15 s
dhwgy oad g adad gl > dils g L



A v dhog & (AMV) 2559 Saalige (g g (2lolid 9 (b3 isulel

Almasi et al., 2013a-f; Alamsi al., 2009;
blie oles 3929 L (Dehadadi, 2013 and
ey onl &5 S b ohey cnl lp el 5O
o U ol b g G o2 3l I B

Gl 008 iS5 asad Ll o)y ek a>
Sl a il ol eSS cae g o)l b Jly
balie ol (Sao WE 5 13k S5 cpsin
Suzuki et al., ) ssls obdy, BB egpg

2006; Moradi et al., 2014; Almasi et al.,
(2014

SRl
Copde (Jlod s doly oMl Sl olKiily |
ul"’) ol 9 OLL.»J; OLL.»l d)‘)shi‘.f)l.@g
5 S Ghagky onl UGl ()5l wald sl
D)5 o Sloy08

REFERENCES

Ahmadi S, Almasi MA, Fatehi F, Struik
PC, Moradi A (2012) Visual detection
of Potato leafroll virus by one-step
reverse transcription loop-mediated
isothermal amplification of DNA with
hydroxynaphthol ~ blue  dye. .
phytopathol. 161: 120-124.

Ahoonmanesh A, Hajimorad MR,
Ingham BJ, Francki RIB (1990)
Indirect double antibody sandwich
ELISA for detecting Alfalfa mosaic
virus in aphids after short probes on
infected plants. J. Virol. Methods 30:
271-282.

Almasi MA, Moradi A, Nasiri J, Karami
S, Nasiri M (2012a) Assessment of
performance ability of three diagnostic
methods for detection of Potato
leafroll virus (PLRV) using different
visualizing systems. Appl. Biochem.
Biotechnol. 168: 770-784.

S o oo e 3055 3 Spsa b 5 2
siiSly cpl o solailye clbd Wy oSl
oS g slosalie jasuis cplplo g 4usls 34
Siwds LAMP 28Ty 5 cyfekas (capl Sbay
3590 wapl 0gMe 4 .(Nagamine ez al., 2002)
Cunold b 5lyeudy Bst DNA ¢ g, oyl 55 oolatl
A sl b) Ol 4 polie g ans) (o )Sol>
“Cupoly glod 4 3L el &Sl (o])8 Sl
Sedon I DNA ais) 95 (gilube o il
.(Nagamine et al., 2002) 5,5
olej JILAMP (b9, & <iS (lgie S 5

gy bwg Yeooo Joo oo Ghliy
dex il 095 jliee sla Sig JJ> 4 (Notomi)

Sy ol ansly 58t b auje o Y

Mypp parids gy S b awlie
Hayashi et al., 2007; Boubourakasa ) >4
Obura et al., 2011; Lin et et al., 2009;

Almasi MA, Haghnazari A, Moradi A,
Saberfar E  (2012b)  Dvifferent

methods of RT-LAMP for detection of
potato leaf roll virus (PLRV). Gen.
Engineer. Biosafety J. 1: 1-8.

Almasi MA, Dehabadi SH (2013)
Colorimetric immunocapture reverse
transcription loop-mediated isothermal
amplification assay for rapid detection
of the Potato virus Y. J. Plant Pathol.
Microb. 4: 188.

Almasi MA, Aghapour-Ojaghkandi M,
Aghaei S (2013a) Visual detection of
Curly top virus by the colorimetric loop-
mediated isothermal amplification. J.
Plant Pathol. Microb. 4: 198.

Almasi MA, Dechabadi SH, Eftekhari Z
(2013b) Immunocapture loop mediated
isothermal amplification for rapid
detection of Tomato yellow leaf curl
virus.  (TYLCV)  without DNA



(VW=AF) WD bl qomdylen o)l cuomiy Jlo e oelyj LS (6ygldcuwj (idgh - (oale doro AY

extraction. J. Plant Pathol. Microb. 4:
185.

Almasi MA, Erfanmanesh M, Jafary H,
Hosseinidehabadi SM (2013¢) Visual
detection of Potato leafroll virus by
one-step reverse transcription loop-
mediated isothermal amplification of
DNA with the Genefinder™ dye. J.
Virol. Methods. 192: 51-54.

Almasi MA, Jafary H, Moradi A, Zand
N, Ojaghkandi MA, Aghaei S (2013d)
Detection of coat protein gene of the
Potato leafroll virus by reverse
transcription loop-mediated isothermal
amplification. J. Plant Pathol. Microb.
4: 156.

Almasi MA, Moradi A, Ojaghkandi MA,
Aghaei S (2013e) Development and
application of loop-mediated
isothermal amplification assay for
rapid  detection  of  Fusarium
oxysporum f. sp. lycopersici. J. Plant
Pathol. Microb. 4: 177.

Almasi MA, Ojaghkandi MA,
Hemmatabadi A, Hamidi F, Aghaei S
(2013f) Development of colorimetric
loop-mediated isothermal
amplification assay for rapid detection
of the Tomato yellow leaf curl virus. J.
Plant Pathol. Microb. 4: 153.

Almasi MA, Hosseyni-Dehabadi SM,
Aghapour-Ojaghkandi M (2014)
Comparison and evalution of three
diagnostic methods for detection of
Beet curly top virus in sugar beet
using different visualizing systems.
Appl. Biochem. Biotechnol. 173:
1836-1848.

Almasi MA (2015) Establishment and
Application of a Reverse Transcription
Loop-mediated Isothermal
Amplification Assay for Detection of
Grapevine fanleaf virus. Mol. Biol. 4: 5.

Almasi MA, Aghapour-ojaghkandi M,
Bagheri K, Ghazvini M, Hosseyni-
dehabadi SM (2015) Comparison and
evaluation of two diagnostic methods
for detection of npt II and GUS genes
in Nicotiana tabacum. Appl. Biochem.

Biotechnol. 175: 3599-3616.

AL-Saleh MA, Amer MA (2013)
Biological and Molecular Variability
of Alfalfa mosaic virus Affecting
Alfalfa Crop in Riyadh Region. Plant
Pathol. J. 29: 410-417.

Al-Suhaibani NA (2010) Estimation yield
and quality of Alfalfa and Clover for
mixture cropping pattern at different
seeding rates. Am. Eurasian J. Agri.
Environ. Sci. 8: 189-196.

Barker RF, Jarvis NP, Thompson DV,
Loesch-Fries LS, Hall TC (1983)
Complete nucleotide sequence of
Alfalfa mosaic virus RNA 3. Nucleic
Acids Res. 11: 2881-2891.

Bol JF, van Vloten-Doting L, Jaspars
EMJ (1971) A functional equivalence
of top component a RNA and coat
protein in the initiation of infection by
Alfalfa mosaic virus. Virology 46: 73-
85.

Bol JF (1999) Alfalfa mosaic virus and
ilarviruses: Involvement of coat
protein in multiple steps of the
replication cycle. J. Gen. Virol. 80:
1089-1102.

Brederode FT, Koper-Zwarthoff EC, Bol
JF (1980) Complete nucleotide
sequence of Alfalfa mosaic virus RNA
4. Nucleic Acids Res. 8: 2213-2223.

Clark MF, Adams AN (1977)
Characteristics of the microplate method
of enzyme-linked immunosorbent assay
for the detection of plant viruses. J. Gen.
Virol. 34: 475-483.

Culal Kilic H, Yardimci N (2015)
Occurrence of Alfalfa Mosaic Virus
(AMV) Infecting Bean Crop in Burdur
Province, Turkey. Asian J. Agri. Food
Sci. 3: 173-177.

De Graaff M, Man In T Veld MR,
Jaspars EM (1995) In vitro evidence
that the coat protein of Alfalfa mosaic
virus plays a direct role in the
regulation of plus and minus RNA
synthesis: Implications for the life
cycle of alfalfa mosaic virus. Virology
208: 583-589.



AY v dhog & (AMV) 2559 Saalige (g g (2lolid 9 (b3 isulel

Frosheiser FL (1969) Variable influence
of Alfalfa mosaic virus strains on
growth and survival of alfalfa and on
mechanical and aphid transmission.
Phytopathology 59: 857-862.

Frosheiser FL (1974) Alfalfa mosaic
virus transmission to seed through
alfalfa gametes and longevity in
alfalfa seed. Phytopathology 64: 102-
105.

Fukuta S, Iida T, Mizukami Y, Ishida A,
Ueda J, Kanbe M, Ishimoto Y (2003)
Detection of Japanese yam mosaic
virus by RT-LAMP. Arch. Virol. 148:
1713-1720.

Fukuta S, Mizukami Y, Ishida A, Ueda J,
Hasegawa M, Hayashi I, Hashimoto
M, Kanbe M (2004) Real-time loop-
mediated isothermal amplification for
the CaMV-35S promoter as a
screening method for genetically
modified organisms. Eur. Food Res.
Technol. 218: 496-500.

Gillaspie Jr AG, Barkley NA, Morris JB
(2006) An unusual strain of Alfalfa
Mosaic Virus detected in Crotalaria
L. germplasm. Plant Pathol. J. 5: 397-
400.

Haghnazari A, Almasi MA, Hoseini SM
(2011) LAMP and guide of primer
design by PrimerExplorerV4 software.
Azarkelk Press, Zanjan, Iran.

Hajimorad MR, Francki RIB (1988)
Alfalfa mosaic virus isolates from
lucerne in South Australia: Biological
variability and antigenic similarity.
Ann. Appl. Biol. 113: 45-54.

Hirayama H, Kageyama S, Takahashi Y,
Moriyasu S, Sawai K, Onoe S,
Watanabe K, Kojiya S, Notomi T,
Minamihashi A (2006) Rapid sexing
of water buffalo (Bubalus bubalis)
embryos using loop-mediated
isothermal amplification. Theriogenol.
66: 1249-1256.

Horibe D, Ochiai T, Shimada H,
Tomonaga T, Nomura F, Gun M,

Tanizawa T, Hayashi H (2006) Rapid
detection of metastasis of gastric

cancer using reverse transcription
loop-mediated isothermal
amplification. Int. J. Cancer 120:
1063-1069.

Hosseini SF, Almasi MA, Kardi MT,
Moghim S, Karbasizade V (2014)
Molecular Detection of Clostridium
Difficile in Patients with Diarrhea via
LAMP Technique. J. Mazandaran
Univ. Med. Sci. 24: 36-42.

Hull R (1969) Alfalfa mosaic virus Adv.
Virus Res. 15: 365-433.

Inacio J, Flores O, Spencer-Martins I
(2008) Efficient identification of
clinically relevant Candida yeast
species by use of an assay combining
panfungal loop-mediated isothermal
DNA amplification with hybridization
to species-specific  oligonucleotide
probes. J. Clin. Microbiol. 46: 713-
720.

Lee MF, Chen YH, Hsu HJ, Peng CF
(2010)  One-tube loop-mediated
isothermal amplification combined
with restriction endonuclease
digestion and ELISA for colorimetric
detection of resistance to isoniazid,
ethambutol and streptomycin in
Mycobacterium tuberculosis isolates.
J. Microbiol. Methods 83: 53-58.

Manouchehri-Kashani A (1968) Virus
diseases of plants. Tehran University
Press, Tehran, Iran.

Massumi H, Hosseini Pour A (2007)
Serological Characterization of Alfalfa
Mosaic Virus in Alfalfa (Medicago
sativa) in Some Regions of Iran. J.
Agri. Sci. Technol. 9: 341-347.

Massumi H, Shaabanian M, Hosseini
Pour A, Heydarnejad J, Rahimian H
(2009) Incidence of Viruses Infecting
Tomato (Lycopersicun esculentum
Mill.) and Their Natural Hosts in the
Southeast and Central Regions of Iran.
Plant Dis. 93: 67-72.

Massumi H, Maddahian M, Heydarnejad
J, Hosseini Pour A, Farahmand A
(2012) Incidence of Viruses Infecting
Alfalfa in the Southeast and Central



(VW=AF) WD bl qomdylen o)l cuomiy Jlo e oelyj LS (6ygldcuwj (idgh - (oale doro AY

Regions of Iran. J. Agri. Sci. Technol.
14: 1141-1148.

Moradi A, Nasiri J, Abdollahi H, Almasi
M (2012) Development and evaluation
of a loopmediated isothermal
amplification assay for detection of
Erwinia  amylovora  based  on
chromosomal DNA. Eur. J. Plant
Pathol. 133: 609-620.

Moradi A, Almasi MA, Jafary H,
Mercado-Blanco J (2014) A novel and
rapid  loop-mediated  isothermal
amplification assy for the specific
detection of Verticillium dahliae. J.
Appl. Microbiol. 116: 942-954.

Moreira AG, Kitagima EW, Rezende
JAM (2010) Identification and partial
characterization of a Carica papaya
infecting isolate of Alfalfa mosaic
virus in Brazil. J. Gen. Plant Pathol.
76: 172-175.

Nagamine K, Hase T, Notomi T (2002)
Accelerated reaction by loop mediated
isothermal amplification using loop
primers. Mol. Cell. Probes. 16: 223-
220.

Notomi T, Okayama H, Masubuchi H,
Yonekawa T, Watanabe K, Amino N,
Hase T (2000) Loop-mediated
isothermal amplification of DNA.
Nucleic Acids Res. 28 :e63.

Parrella G, Lanave C, Marchouz G, Sialer
MM, Di Franco A, Gallitelli D (2000)
Evidence for two distinct subgroups of
Alfalfa mosaic virus (AMV) from
France and Italy and their
relationships with other AMV strains
(brief report). Arch. Virol. 145: 2659-

2667.

Pesic Z, Hiruki C (1988) Comparison of
ELISA and dot-hybridization for
detection of Alfalfa mosaic virus in
alfalfa pollen. Can. J. Plant Pathol. 10:
116-122.

Rowhani A, Stace-Smith R (1979)
Purification and characterization of
potato leafroll virus. Virology. 98: 45-
54.

Schmelzer K, Sghmidt HB, Beczner L
(1973) Sponatne wirtspflanzen des
luzernemosaik-virus. Biol. Zentralbl.
92:211-227.

Suzuki R, Yoshikawa T, Thira M,
Enomoto Y, Inagaki S, Matsumoto K,
Kato K, Kudo K, Kojima S, Asano S
(2006) Development of the loop-
mediated isothermal amplification
method for rapid detection of
cytomegalovirus DNA. J. Virol.
Methods. 132: 216-221.

Xu H, Nie J (2006) Identification,
Characterization, and  Molecular
Detection of Alfalfa mosaic virus in
Potato. Phytopathology 96: 1237-
1242.

Zitikaite I, Samuitiene M (2008)
Identification and some properties of
Alfalfa mosaic alfamovirus isolated
from naturally infected tomato crop.
Biologija. 54: 83-88.

Zschau K, Janke C (1962)
Samenubertragung  des  luzerne-
mosaikvirus an luzerne. NachrBL.
Dtsch. PFLSchDienst. 16: 94-96.



