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ABSTRACT 

Potato is the world's fourth-largest food crop after maize, wheat, and rice. Potato is seriously affected by both single 
and mixed viral infections because of vegetative propagation. In plants, RNA silencing is a protective mechanism 
against viral infections. Some researchers have been used RNA silencing technique to silence viral genes, but 
ultimately, due to the activity of viral RNA silencing-suppressor proteins, the resistance of plants is broken down and 
the virus can replicate and make the damage. The purpose of this study was to provide simultaneous resistance to 
three important viruses including Potato X Virus, Potato Leafroll Virus, and Cucumber Mosaic Virus. From genes 
corresponding to proteins of suppressoer of RNA silencing in these viruses (P0, P25 and 2b, respectively), a fragment 
was amplified with specific primers by PCR and ligtaed to each other. The recombinant final fragment was cloned in 
the form of sense and antisense orientations with an intron between them, in pFGC5941 plasmid under 35S promoter 
to produce a hairpin RNA after transcription in plant. The T-DNA of recombinant hairpin vector was transformed 
into potato (cv. Agria) genome by Agrobacterium. The obtained transgenic plants were screened by PCR to confirm 
the presence of the transgenes. The resistance of selected tansgenic lines will be assessed against three viruses. 
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Y ( �� 1���C55�,b� %'* G<'��) /Gonzalez-Jara 

et al., 2004; Mascia et al., 2010; Bortolamiol et. 
al., 2007; Srinivasan & Alvarez, 2007;. 
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)Baulcombe et al., 2010� ( 2b )Gellért et al., 
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 �2b  ���'-�� CMV ��� "�! P3n� ?330 �170  �

274 � $�� )O9�A!� /
/8. �I$�pN Forward external 

P0 XbaI/XhoI  3E9 "� �� �I$�pN �3@] "�
)Forward � (Revers overlap P25 P0  �3@] "�

) ?+] "� �� �I$�pNReverse c &��� (P0  �I$�pN �
Forward overlap P0 P25   3E9 "� �� �I$�pN �3@] "�

 �Revers overlap 2b P25  "� �� �I$�pN �3@] "�
 c &��� ?+]P25  �Forward overlap P25 2b  "�

 � 3E9 "� �� �I$�pN �3@]Revers external 2b 

NcoI/BamHI  c &��� ?+] "� �� �I$�pN �3@] "�
2b ./8/
 #��O�%�  

  

P�/9 1. 6�3�< &���I$�pN � �� #��O�%� ��3*0' +5�r!.  
Table 1. The sequences of primers used in the present study. 

Product size 
(bp) 

Annealing 
temperature (°C) Primer name Primer sequence (5'→3') Gene name 

 
330 61 

Forward external P0 
XbaI/XhoI 

Reverse Overlap P25 
P0 

Forward: 
AATCTAGACTCGAGCAGGATTTCAACATCCG 
Reverse: 
ATGTAGGGTGTCTGAGGATCTGCTGATAATTGCCCATAA 

P0 

170 63 

Forward Overlap P0 
P25 

Reverse Overlap 2b 
P25 

Forward: 
TTATGGGCAATTATCAGCAGATCCTCAGACACCCTACAT 
Reverse: 
TCATTGCACCTACGTTCAATTCAAAAAGTGCCTGGTATGT 

P25 

274 62 

Forward Overlap P25 
2b 

Reverse external 2b 
NcoI/BamHI 

Forward: 
TCATACCAGGCACTTTTTGAATTGAACGTAGGTGCAATGA 
Reverse: 
AAGGATCCATGGATGGTCTTCCGCCGATAAC 

2b 

995 56 pFGC5941 Fext 
pFGC5941 Rint 

Forward: 
AATCCCACTATCCTTCGCAAGACC 
Reverse: 
CTTTCTACCTTCCCACAATTCGTCG 

P0+P25+2b 
(Sense) 

1547 54 pFGC5941 Fint 
pFGC5941 Rext 

Forward: 
CAGACAGATGTTTCCCAGCGAG 
Reverse: 
AAACCGGCGGTAAGGATCTGAG 

2b+P25+P0 
(Antisense) 

bp: base pair.  
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 �  /D�
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/8  1�3[ "� "DnM "% �Y' /F�� "DnM  P3B "�
775  ./*N�� $�� )O9 <F��B &�3B ���I$�pN  #/


 "� {3��* #/
 �!A�� "DnM "; /8�3�P0  &� �8� ��'5 
 #�>'�9 &���� �3C X@% "�
�Z',8N <
��  &��Xba I 

 �Xho I  &� �8� �� �'5  &���� X@% <�8N "�
�20 
 c P�� �� -3�D* T	�* /!�3dE;38P25  � �3�P25 

 &� �8� �� #/
 �!A��'5  &���� �3C X@% "�
�20 
 c �CN $� /!�3dE;38P0  &� �8� �� �'5  <�8N "�
�

 &���� X@%20  c P�� �� -3�D* T	�* /!�3dE;38
2b .�3� 2b  &� �8� �� #/
 �!A��'5  �3C X@% "�
�

 &����20  c �CN /!�3dE;38P25  &� �8� �� �'5 
,8N <
�� #�>'�9 &���� X@% <�8N "�
�'Z  &��Nco 

I  �BamH I  .�3��'0 F�38< Z��
3U &���  P�4��
c 1�DnM  G@;�� �� ��Mega PCR HD�!"  #/
  )%�

"� �3B& ";  c P�4�� ��P25  "�P0  G@;�� ��Mega 

PCR �20 �3dE;38!/ � �8� $�& '5 �8N "�
�<  X@%
 cP0  c P�� �� -3�D* T	�* ";P25  P�� �� )%�

 c X@% "�
�P25  � /
 )O920 �3dE;38!/  $�
 �8��& '5  c X@% "�
�P25 ���� ";& 6�3�<  �CN
 cP0 �8N "�
� �� )%�<  X@%P0 B � /
 )O9< 

PCR  cP25+ P0 A��!� U!�/  c P�4�� �� .��;
P25+ P0  c "�2b  G@;�� ��Mega PCR �20 

�3dE;38!/ � �8� $�& '5 �8N "�
�<  c X@%P25  ";

 c P�� �� -3�D* T	�*2b  X@% "�
� P�� �� )%�
c 2b  � /
 )O920 �3dE;38!/ � �8� $�& '5  "�
�

 c X@%2b ���� ";& 6�3�<  c �CNP25  �� )%�
�8N "�
�<  X@%P25 B � /
 )O9< PCR  c

P25+2b+ P0 A��!� U!�/ .��;  
  

���-,�#�)$  �� !P0+P25+2b ,).� ��� +

pFGC5941  
	%RU r!+5� 0'� ��! / pFGC5941 &���

"8��	�  "DnM &$�%P0+P25+2b #��O�%�   0'� ./

	%RU! ^�(8� �34K* /RNAi )RNA 

interference	%RU .)%� (! /pFGC5941  ��11407 
 �P3B $�� )O96� "�!T  <8���@'� <6�3� Y' 0�
��

CHSA "8��	� #�>'�9 �� 0!�  "8�I/@` &$�%
)Multiple cloning site	%RU Y' (! &��� ?%�@* /

 |�/��
3*�C< RNA  .)%� TM�8 "� {3��* 1�]RB�
g� �� �%)' http://www.chromdb.org/rnai/vector 

)%� �393*. � 0'/ 358  "; <* �3�"8��	� �� &$�%
<�8N � X@% ) 9 �� �� <8c "DnM Y' �� X@%

0!'�U � )%�2�� #$�% Y' ����@'� 0'� )%�RNAi 
 ���@'� .�3	8 <F��B �q8��3* c &���CHSA  $� c

#/@@;/; ,8NZ' % 3�6�`) $��@!Chalcone synthase (
) <�EB� #�!IPetunia hybrid L. ("�b�I  #/
  .)%�
	%RU 0'� ��! ��3*��U /CaMV 35S  "; )%� �393*

TI Y!'�$3* -��'� $� ) ZE;Cauliflower Mosaic 

Virus ( "�b�I "	��C .)%� #/
 c <�'38�� #/@��
	%RU 0'� ��! Z� /OCS )Octopine synthase( 
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)MCS Z',8N &��� s�� #�>'�9 �� �(HindIII )3388, 5229 �(#/@�� "	��C OCS )Octopine synthase)%�� )	% $�* �( )RB ( �
) }` )	% $�*LB.)%� ( 

Figure 1. PFGC5941 plasmid map containing EcoRI enzyme cleavage site (1317), CaMV-35S promoter, cloning site 
(MCS), two cleavage sites for HindIII enzyme (3388, 5229), OCS terminator (Octopine synthase), the right border 

(RB) and left border (LB). 
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Figure 2. A: RNAi construct that include the promoter, the gene in sense direction, intron and the gene in antisense 
direction. Ocs is the terminator sequence of the Octopine synthase gene. B: Schematic of P0, P25 and 2b genes. C: 
The result of amplification of P0, P25 and 2b genes on 1.5% agarose gel; wells 1, 2, 3 and 4 relate to the P0 gene 

with 350 bp. Wells 5, 6, 7, and 8 relate to the P25 gene with 210 bp and wells 9, 10, 11 and 12 relate to the 2b gene 
with 294 bp. D: The result of P0 + P25 gene amplification using Fext P0 XbaI / XhoI primers and Revers overlap 2b 
P25 loaded on 1% agarose gel. The resulting fragment is 520 bp, that was seen in wells 1 to 5. E: Result of P0 + P25 

+ 2b gene amplification using Fext P0 XbaI / XhoI and Rext 2b NcoI / BamHI primers loaded on 1% agarose gel. 
The resulting fragment is 775 bp, that was seen in wells 1 to 7. The marker size of 1Kb was used. 
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Figure 3. A) Nucleotide blast result of selective sequence of P0 gene with nucleotide sequences of potato, 
Arabidopsis and human. B) Nucleotide blast result of selective sequence of P25 gene with nucleotide sequences of 

potato, Arabidopsis and human. C) Nucleotide blast result of selective sequence of gene 2b with nucleotide sequences 
of potato, Arabidopsis and human. In all three cases, no similarities were found with the desired sequences. 

  

"� "DnM &�!I���M �3q@* P0+P25+2b �� 
 ) 9Antisense  /!	%RU ��pFGC5941 ��� �

 TF��* �>'�PCR  &���I$�pN $� #��O�%� ��Fext 

P0 Xba I/Xho I  �Rext 2b Nco I/BamH I  ^�(8�
./
 �I$�pN �� "�@'� "� "93� ��&�� Fext P0 Xba 

I/Xho I  �Rext 2b Nco I/BamH I<6�3� � &��
 Z',8N �� s�� T5*Xba I  �BamH I #/
 z�� �

 P345* ��3�PCR _6�C $� XU  G@;�� �� �&$�%
 Z',8N �� �� s��#/
�;u  T�
) )b�I ���MA -5 .(

"8��	� P345* /!	%RU �� ��*,	� ,!8 P�� &$�%

 T�
) )b�' s�� Z',8N �� 0'�B -5 1�DnM .(
 $��IN Pc &�� �q8��3*LMP  � &$�%�/9

_6�C  �!* 3!%�>!6 G@;�� P345* ./8/
 &$�%
 /!	%RUpFGC5941  �P0+P25+2b  s�� "�

P3E% "� 3!%��3U����6� /D��* &��E. coli  T+�@*
&��;�� � /
 �0!�'�*�8�; &��F j!5* �� ��

 "DnM �39� /!'~� &��� ./8/
 g�K�8�Antisense 
"@I�U Y� &�� �/!	%RU �� ��PCR �I$�pN �� &��

 ) 9 �� <[�4�C�Antisense  <@D'pFGC5941 

Fint  �pFGC5941 Rext I ^�(8�.)b� 
  
  
  

  
  
  



360  ������  :����	� � �!" #$�% ���& �'��( )*��+* �*,	� "� "% �'-��  PLRV�  PVX  �  CMV  �� ... 

 
   

 
T�
 4.  <6�C TM�8 "� X@% &���I$�pN P�4�� <>83>`pFGC5941 )I �IIN $� T[�F /8�� P3B 1��O� � (  <B ��PCR .A(  "(!�8

P345* <	',8N s�� $�3b����6� <'� 8 PCR Mega �� Z',8N&�� $�dE;38�/8� #/@@;��/5* NcoI � XhoI "8��	� ) 9  &$�%Sense "; �
��` ��Y��& 1  ��3  #$�/8� �� &/8��775  Pc) )%� /!�3dE;38LMP 5/1  .(/[��B( 6� "(!�8�	',8N s�� G@;�� $�3b���< pFGC5941 

 &�� Z',8N �� <6�CXhoI  �NcoI  &$�% "8��	� ) 9Sense #$�/8� "� &/8�� Y��` �� "; �11327 $�� )O9 "DnM .)%�  #$�/8� "� &�80 
 $� /!�3dE;38pFGC5941  Pc) )%� #/
 |�F s�� "(!�8 ��LMP 8/0  .(/[��C( ����' 3!%��3U����6� s�� "� P�4�� P345* s,

"@I�U �'34� .&��;�� "�0!�'�*�8�; <:@',I j!5* �� T[�F &�� .���D( 6� "(!�8� P345* $�3b���PCR �I$�pN �� &��pFGC5941 

Fext  �pFGC5941 Rint ��& "@I�U /
� &��;��K�8� j!5* �� #��<  $��IN Pc �� P�� P�4�� $� /D�8/0  /8�� "; /[��995 
<* �:8 �� &/!�3dE;38 "� {3��*) /��;83E! ) 9 �� �@Sense .(E( 6� "(!�8� $��IN Pc �� $�3b���5/1  P345* /[��PCR  &��

	%RU! /pFGC5941 "� <6�C  /8�� "; P��@; �3@]300 <* �:8 �� &/!�3dE;38./�� 
Figure 4. How to connect the sense primers to the empty vector; pFGC5941 (I, II) and the difference in band 

length obtained from PCR. A: The result of electrophoresis of enzymatic cleavage of the final Mega PCR product 
with NcoI and XhoI restriction endonuclease enzymes for Sense cloning, which is band in the 1 to 3 wells with 775 
nucleotides (1.5% LMP gel). B: Electrophoresis result of the digestion reaction of the empty pFGC5941 with XhoI 

and NcoI enzymes for Sense cloning, which is band in the well with 11327 bp. 80-nucleotide fragment of pFGC5941 
was deleted as a result of cleavage (0.8% LMP gel). C: Transformation of the product by electroporation. Image of 

the resulting colonies in the Kanamycin selective medium. D: Electrophoresis results of PCR product with 
pFGC5941 Fext and pFGC5941 Rint primers on colonies grown in selected medium after first ligation in 0.8% 

agarose gel showing bands with 995 nucleotides (relating to cloning in Sense direction). E: Electrophoresis result of 
PCR product on empty pFGC5941 plasmid as control on 1.5% agarose gel showing band with 300 nucleotides. 
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Figure 5. A) The electrophoresis results of PCR on DNA with 775 bp lenght; P0 + P25 + 2b after digestion on 1% 
LMP gel. Columns 1 to 3 represent the band with 775 nucleotides and the product of digestion of BamHI and XbaI 
enzymes. B) The electrophoresis of recombinant plasmid (pFGC5941) cleavage with BamHI and XbaI enzymes on 

0.8% LMP gel with a band size of about 12,000 bp. C1, C2) How to connect the antisense primers to the empty 
vector and the difference in band lenght obtained from PCR. D) Image of transgenic colonies in a selective 

Kanamycin medium. E) Electrophoresis result of PCRs in 1.5% agarose gel for confirmation of the second cloning in 
Antisense direction. Band with 1547 bp in wells of 1 and 2 in Figure F and with 786 bp in wells of 1 and 2 in Figure 
E represent the negative control as a result of PCR conducted on the empty plasmid. PCR was performed with the 

primers pair of Antisens direction; pFGC5941 Fint and pFGC5941 Rext. 
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Figure 6. A) The electrophoresis of PCR product conducted with pFGC5941 Fext and pFGC5941 Rint primers on plasmids 
extracted from positive colonies (containing recombinant plasmids). The wells 2-4 show band with 995 bp that relate to the 
cloning in Sense direction. Well 1 relates to an empty plasmid as a negative control which represents a band with 300 bp. B) 

Electrophoresis results of digestion with XhoI and NcoI enzymes for final confirmation of Sense cloning of recombinant 
plasmid. The digestion resulted the band with 775 nucleotides that related to P0 + P25 + 2b fragment and band with 11327 

bp that related to PFGC5941plasmid. Electrophoresis was performed on 1% LMP gel. 

  

  
T�
7- A /[�� Y' $��IN Pc &�� $�3b����6� :PCR &��� "; ��/!'~�  ) 9 �� ^�� &$�% "8��	�Antisense  .)%� #/
 ^�(8�

/8�� 3�% �� �393* &��2  �3  "� {3��*PCR  �I$�pN )O9 ��Antisense /!	%RU $�z��K�%� &�� "@I�U $� #/
�3� )HA* &�� 
 #$�/8� &���� ";1547 <* $�� )O9 3�% ./@
��1  �3@] "�;O@* P��@<  {3��* "�PCR ��& 	%RU!/"DnM "; )%� & &

 /8�� � )%� #��; )b�'�� �� X@%786 )O9  ./�� <* �:8 �� &$��B Pc &�� $�3b����6� :Y'  /[��LMP  �� <	',8N s��
XhoI  �XbaI ��& 	%RU!�� ) 9 /!'� 8 /<'  &$�% "8��	�Antisense 3�% .1  /8�� &����2940  e3	(* "� {3��* /!�3dE;38

"DnM& �8N � X@%< /8�� � )%� X@%11313 $�� )O9& 	%RU "� {3��*! /PFGC5941 )%�. 
Figure 7. A: Electrophoresis of PCRs products on 1% agarose gel.  The PCRs were performed to confirm the second 

cloning in the Antisense direction. The bands with 1547 bp in columns 2 and 3 related to PCR with the Antisense 
primer pair from plasmids extracted from positive colonies. Column 1 with 786 bp band correspond to PCR product 
of the negative control realized on plasmid that received the Sense fragment and shows. B: Electrophoresis on 1% 

LMP gel of enzymatic cleavage of plasmid with XhoI and XbaI enzymes for final confirmation of Antisense cloning. 
Column 1 show a 2940-nucleotide band relating to the sum of the Sense and Antisense fragments and the 11313 bp 

band belongs to the PFGC5941 plasmid. 
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Figure 8. The collected sequencing results from several sequenceings conducted in complementary directions with 

both pFGC5941 Fext (in Sense direction) and pFGC5941 Rext (in Antisense direction) primers. 
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Figure 9. A) Growth of transformed Agrobacteria with recombinant plasmid. B) The electrophoresis results of PCR 
of positive colonies in a selective medium containing Kanamycin in Sense direction. C) The electrophoresis results of 

PCR of positive colonies in selective media containing Kanamycin in Antisense direction. 
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Figure 10. A) Callogenesis post 8 days co-culturing of the internodes with Agrobacterium. After placement of 

internode explants, with 2 to 3 mm in diameter and 0.5 to 1 cm in length on medium containing GA3 (0.02 mg / l), 
GA3 (0.03 mg / l) TDZ (0.3 mg / l) and Cefotaxime (350 mg / l), they were maintained on this medium for two 

weeks. B) Internodes, exposed to Cefotaxime medium for 13 days, were transferred to MS medium containing (0.02 
mg / l) NAA, (0.03 mg / l) GA3 and (0.3 mg / l) TDZ, and 350 mg / l Cefotaxime and 10 mg / l PPT. The figure 

shows the shooting of explants in the medium after 10 days. In this medium, the plants remained for two weeks and 
then were re-cultured for re-selection. As a rule, plants should survive in the medium containing Basta herbicide 

(PPT) that received the recombinant pFGC5941 T-DNA (both Sense and Antisense). 
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Figure 11. A) PCR results with Fext P0 and ROL P25P0 primers on the genomic DNA of plants selected with PPT. Columns 1 
and 2 are negative controls, which correspond to DNA of the plants not inoculated with Agrobacterium and water instead of the 
template DNA, respectively. Columns 3 and 4 are the products of PCR on the recombinant pFGC5941 and pPGBKT7 plasmids 
(as positive control), respectively. Bands in columns 5 and 6 correspond to reults of PCR on transgenic plants quite equal to 
band of the positive control (350 bp). B) PCR results with FOL P0 P25 and ROL 2bP25 primers on the genomic DNA of plants 
selected with PPT. Column 1 is the negative control which cprrespond to the DNA of the plant not inoculated with 
Agrobacterium and column 2 is the use of water instead of the template DNA. Columns 3 and 4 are the resuts of PCR on the 
recombinant pPFGC5941 and Ppvx (positive control), respectively. Bands in columns 5 and 6 correspond to reults of PCR on 
transgenic plants quite equal to band of the positive control (210 bp). C) PCR result with FOL P252b and Rext 2b primers on 
the genomic DNA of plants selected with PPT. Columns 1 and 2 are negative controls, which is respectively the DNA of the 
plant not inoculated with Agrobacterium and water instead of the template DNA. Columns 3 and 4 are the results of PCR on the 
recombinant pPFGC5941 and cDNA, respectively. which are identical to the bands in columns 5 and 6 as positive controls (294 
bp). D) PCR results on agarose gel, with primers pair (pFGC5941 Fext and pFGC5941 Rint) on genomic DNA extracted from 
two transgenic plants; bands present in columns 6 and 7 of about 995 bp, is equal with band resulted from positive control PCR 
conducted on recombinant pFGC5941 plasmid in Sense direction (column 5). Column 1 was negative control and was 
performed on the plant not inoculated with Agrobacterium and any product was not observed. Columns 2 and 3 are also related 
to PCR on the VirB2 gene of transgenic plants with the code number of 1 and 2, so that the lack of bands is a reason for the 
absence of Agrobacterium in their extracted DNA. Column 4 is a positive control for the VirB2 gene from Agrobacterium 
plasmid. E) PCR result on agarose gel, with primers pair pFGC5941 Fint and pFGC5941 Rext, on genomic DNA extracted 
from two transgenic plants; band size in columns 6 and 7 is 1547 bp equall to band of positive control (column 5), column 4 is 
negative control correspond to plants not inoculated with Agrobacterium and any band was not visualized. Columns 2 and 3 
related to the PCR on the VirB2 gene of transgenic plants with the code number of 1 and 2, so that the lack of bands is a reason 
for the absence of Agrobacterium in their extracted DNA. Column 1 is the result of PCR on the VirB2 gene on Agrobacterium 
plasmid as positive control for the VirB2 gene. 
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Figure 12. Electrophoresis of PCR product on 0.8% agarose gel, performed with pFGC5941 Fext and pFGC5941 Rext 

primers on cDNAs synthesized from RNA extracted from transformed potato plants. The band in columns 4 and 5 is 2940 
bp, which is similar in size to the positive control band in column 3 that related to the recombinant pFGC5941 in both Sense 

and Antisense directions. Columns 1 and 2 related to negative control PCR on cDNA of plant not inoculated with 
Agrobacterium or PCR with water instead of template DNA, respectively. 
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