
Arc
hi

ve
 o

f S
ID

/ //

*

**

) :// ://(

 .          /       pBin19       
Agrobacterium tumefaciens .

          
    .    

    - .      
Nicotiana benthamiana .  

          TLCV-Ir  
            TLCV-Ir .

        TLCV-Ir   .   TLCV-Ir  
AgroinoculationBemisia tabaci   

         .  TLCV-Ir         
.

:

)leaf curl (

           

             

)Tomato leaf curl virus = TLCV (

* :C--AG-.

** : :behjatni@shirazu.ac.ir

 .

 .

Clic
k h

ere
 to

 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com
Clic

k h
ere

 to
 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com

www.SID.ir

mailto:behjatni:@shirazu.ac.ir
http://www.abbyy.com/buy
http://www.abbyy.com/buy
http://www.sid.ir


Arc
hi

ve
 o

f S
ID

/ //

)Tomato yellow leaf curl virus = TYLCV (

     Geminiviridae   Begomovirus  

  )Czonek & Laterrot 1997; Moriones & Navas-

Castillo 2000(.

    

   )ssDNA (  -/         

)Kheypour et al. 1991, Navot et al. 1991, Stanley et al. 2005(.

   

  )intermediate dsDNA (

    

)Saunders et al. 1991, Stenger et al. 1991.(

        

  

)Bemisia tabaci Gen. (  

)Cohen and Nitzany 1966; Caciagli et al. 1995 .(

  

  B     .        

     )      

 .(

   

                

)De Barro et al. 1995; Czosnek & Laterrot 1997,

Bedford et al. 1994 .(

TYLCV

 )TYLCV-Ir (TLCV)(TLCV-Ir

      

     

AJ 132711AY 297924GenBank

   )Behjatnia et al. 2004Bananej et al. 2004,(.

             

     (ORF)       .

  V1V2     

    C1C2C3C4     

 .   V2

C1(Rep)

            .

    (IR)        

   

)A.(

            

    

)Hajimorad et al. 1996 (

    

  
)Bananej et al. 1998, Shahriary & Bananej 1997, Behjatnia et

al. 2004, Fazeli et al. 2008, Pakniat et al. 2008.(  

          TYLCV  

           .

 "(Fazeli et al. 2008)

   

.

  

  Gezira

 .

        

Tomato yellow leaf curl New Delhi virus

 .         

GenBank)Fazeli et al. 2008(.
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  TLCV     

    .     

      

agroinoculation )B. tabaci (

   .   

.

     TLCV    

     TLCV-Ir  

     /       

Sal I   

Sal IBam HI  

).(

        Sal I

       P1540C   P1535V

)( .

PCR   SaI I

pBluescript (pBS)      

 .      )Template (  

 .   

Sal IBam HI    

Sal I/BamH  ITLCV-Ir

 .     pBS          

pBS0.5TLCVIr   .     TLCV-Ir   

SaI I  

SaI IpBS0.5TLCVIr .

  pBS1.5TLCVIr   .      

pBin19Kpn I   

     pBin19    

pBin19pBS1.5TLCVIr  

pBin19-1.5TLCVIr    pBS      

 .    "         

Agrobacterium tumefaciensC58.

  Agroinoculation

(Dry et al. 1993)

      .  

          

Solanaceae  )Datura stramonium(

)Nicotiana tabacum (N. glutinosa

N. benthamiana

          

Chenopodium quinoa

TLCV-Ir .   

                 

.

DNA

(Dry et al. 1993) .

           

  100 mM NaCl50mM Tris HCl, pH

8.01% (V/V) -mercaptoethonol1% (W/V) SDS

0.01 mM EDTA .    

    :   )   : (    

              

  DNA   .DNA  

 :
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)Polymerase Chain Reaction = PCR (.

)Hybridization tests(

)dot blot hybridization (  

          

(Southern blot hybridization)

            

 .

         

(Behjatnia,et al. 2004)(1996)

 .       (probe)       

TLCV-Ir.

 )Polymerase Chain Reaction

= PCR (

   PCR            

 .          

TLCV-IrP1540CP419V) (  

         

 .  PCR           

..           )  

  M(          

      /    /   
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PCR   oC  

  oC  oC

 .PCR
oC .   

    /          

 .DNA         DNA     

Qiaquick gel  extraction kit  (  QIAGEN, Germany )
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       .
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.)A (  TLCV-Ir–     )V1V2 (

    )C1   C2   C3   C4 (        )stem-loop (

)IR () .B (/TLCV-Ir.
Fig. 1: (A) Genome organization of TLCV-Ir. ORFs on both the virion-sense strand (V) and the
complementary–sense strand (C) are displayed by arrows. The position of the conserved stem-
loop structure and intergenic region (IR) are indicated. (B) Linear map of 1.5TLCV-Ir DNA.

.TLCV-Ir

Table 1. TLCV-Ir specific oligonucleotide primers used in this study
Primers Size

 (nt)

Nucleotide
positionsP

Sequences from 5  to 3
(5  - 3 )

Underlined
restriction enzyme

    

P419V 25 419-443 CAAGGCAAAGGCATGGGCGAACAGG
P812V 23 812-834 CGACCAGCGTGATCGTTTTCAGG

P1540C 26 1515-1540 GAGTTGATCTACCGTGTGGCGTCGAC Sal I
P1535V 26 1535-1560 GCCTGGTCCCTCTCTTGGCTGTCGAC Sal I

PCR      P1540CP812V

)   (  

.

TLCV-Ir

        TLCV-Ir

Sal I     

          )A .(  

PCRSal I   

TLCV-IrSaI IpBluescript (pBS)

 .   pBS1.0TLCVIr  .  

  Sal IBam HI

          .
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 .    (A)     TLCV-Ir      PCR        

DNA :(B)pBS0.5TLCVVIr    Sal I

BamHI(C)pBS1.5TLCVVIr   Bam HI(D)  pBin1.5TLCVIr  

Eco RIBam HI .M=marker.
Fig. 2. Electrophoretic pattern of (A) TLCV-Ir full-length PCR product using P1540C and
P1535V specific primers (Table 1) and DNA fragments released from: (B) five pBS0.5TLCVIr
constructs digested with Sal I and Bam HI; (C) two pBS1.5TLCVIr constructs digested with
Bam HI and (D) two pBin1.5TLCVIr constructs digested with Bam HI and Eco RI. M=marker.
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.TLCV-Ir  Nicotina benthamiana

  TLCV-Ir

 .(probe)TLCV-Ir .

         

TLCV-Ir.
Fig. 3. Detection of TLCV-Ir DNA in extracts of tomato and Nicotiana benthamiana plants
agroinoculated with TLCV-Ir infectious clone by dot blot hybridization assay 21 days post-inoculation.
The blot was hybridized with a 32P-labeled full-length TLCV-Ir probe. Gray and white colors in the
cells of the table below the blot indicate positive and negative reactions of the plant DNAs with the
TLCV-Ir probe, respectively.
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)TLCV-IrTLCV-Au (
Table 2. Average infection rate of TLCV-Ir and TLCV-Au infectious clones in tested plants

TLCV-IrTLCV-Au

Plant

     

No. of plants infected/No.
of plants inoculated

(%)
Average infection rate

(%)

    

    

No. of plants
infected/No. of plants

inoculated

(%)
Average infection

rate (%)

Lycopersicon esculentum
15/285410/10100

Nicotiana benthamiana
9/910010/10100

Datura stramonium
17/256810/10100

Nicotiana tabacum
2/2100Not tested-

 .N. benthammian

  TLCV-Ir        

  

.

  

TLCV-Ir  

 "

             

         

 )severe (   

  

  

TLCV-Ir

          

 .  

  

   

(Antignus & Cohen 1994, Behjatnia et al. 2001).

)dsDNA replicative-forms (

          

     TLCV-Ir      

  

)circular ssDNA (

)dsDNA replicative-forms (   

      pBin1.5TLCVIr     

).(

TLCV-Ir

    .

N. benthamiana
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.           

  )(    

  TLCV-Ir.      :
lin, linear dsDNA; oc, open circular dsDNA;
sc, supercoiled dsDNA; ss circular single-

stranded DNA.
Fig. 4. Southern blot analysis of replicative
DNAs extracted from leaves of two tomato
plants (lanes 1 and 2), agroinoculated with
TLCV-Ir infectious clone. DNA forms: lin,
linear dsDNA; oc, open circular dsDNA; sc,
supercoiled dsDNA; ss circular single-
stranded DNA.

.)A (          

Nicotiana benthamiana)B (  

   )C (  

               

) (    

) .(TLCV-Ir.
Fig. 5. Symptoms induced by TLCV-Ir infectious clone in experimentally
agroinfected (A) Nicotiana benthamiana plants showing small crumpled
and upward curled leaves 30 dpi; (B) tomato plants showing mild curling
and yellowing of the young leaves 30dpi and (C) tomato plants showing
elongated spindly shoots, smaller leaves and severe leaf cupping 60 dpi
compared with a healthy tomato plant on the left.
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.)    (        

            

      (TLCV-Au)  

   ) (        

(TLCV-Ir).
Fig. 6. Severe symptoms in a tomato plant agroinoculated
with Australian isolate of TLCV (right) compared with
mild symptoms in a tomato plant agroinoculated with
Iranian isolate of TLCV (left).

.TLCV-Ir

)(Nicotiana tabacum(

Nicitiana glutinosa)()   (

         TLCV-Ir .    

)      (           

.
Fig. 7. Amplification of a TLCV-Ir 1122 bp fragment from
symptomless Nicotiana tabacum m (lanes 1 and 2),
symptomless N. glutinosa  (lanes 3-7) and a tomato plant with
typical symptoms (lane 8), all agroinoculated with a TLCV-Ir
infectious clone.
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        TLCV   .

             

TYLCV   .

  

TLCV-IrTYLCV-Ir

    .           

   

)Behjatnia et al. 2004, Banaej et al. 1996.(

   Turkish    

  TLCV-Ir           TLCV

              

)2005Saeed et al..(

Bemisia tabaciTLCV-Ir

 )B. tabaci(TLCV-Ir

          .   

    

TLCV-Ir              

                

        .  

..          

     

           

           .

                

B. tabaci  

TLCV-Ir     .   TLCV-Ir      

              .  

            

 .   

          

     %     )    .(   

     TLCV-Ir  

                

agroinoculation    %)  (     

                  

         

.

           

P812VP1540C  

    

 .

          

       

 ).(

  B. tabaci    

    TLCV-Ir        

    

      

  TLCV-Ir    

             

  %.    TYLVC   

       

.(Mehta et al. 1994)   

  TYLCV        

  Tomato chino del virus      

      .

  TYLCV

 %)Mehta et

al. 1994, Cohen & Nitzang 1966, Brown & Nelson 1988(.
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.TLCV-IrBemisia tabaci  

 .

)(
Table 3. Transmission rate of TLCV-Ir by Bemisia tabaci after an acquisition–access period of 72 hours on
infected tomato plants and an inoculation-access of 72 hours on healthy tomato plants as a function of the
number of insects per plant. Plants assayed by dot blot hybridization two months post-inoculation (Fig. 10)

No. insects/plant

No. of plants infected/No. of
plants tested

(%)
Average infection rate (%)

14/1233
26/1250
36/1250

1012/12100

.TLCV-Ir

    )a (   )b (   .

  (probe)  TLCV-Ir

 .           

  TLCV-Ir .  

        

.
Fig. 8. Detection of TLCV-Ir DNA in extracts of tomato
plants inoculated with one (1), two (2), three (3) and ten
(10) whiteflies by dot blot hybridization assay one month
(a) and two months (b) post-inoculation. The blot was
hybridized with a 32P-labeled full-length TLCV-Ir probe.
Gray and white colors in the cells of the table below the blot
indicate positive and negative reactions of the plant DNAs
with the TLCV-Ir probe, respectively.

.         TLCV-Ir    

   )  (

    )  (      )   (

    )      ( .         

PCR   

 .

.M=marker.
Fig. 9. Amplification of a TLCV-Ir 729 bp fragment from
tomato plants inoculated with one (lane 1), two (lane 2),
three (lane 3) and ten (lanes 4 and 5) viruliferous whiteflies.
DNA extract of healthy tomato plant was used as negative
control in PCR (lane 6). DNA extraction: 75 days after
inoculation. M=marker.
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(ribosomal RNA pattern)     

      

  B .   
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.

     

C-–AG–      .
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