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Abstract  

Yellowing is one of the most prevalent symptoms in chickpea fields, worldwide and Iran. Faba bean necrotic yellows virus (FBNYV, 

genus Nanovirus, family Nanoviridae) is associated with the yellowing symptoms in the chickpea fields. During the survey of the Lorestan 
and Kermanshah provinces in May 2015-2016, chickpea plants showing yellowing symptoms were collected and total DNAs were extracted. 

The samples were checked for nanovirus infection by PCR, using nanovirus-specific degenerate primers. Total DNA preparations from the 

nanovirus-positive samples were used for RCA, using φ29 polymerase and restriction endonuclease Aat II digests yielding products of ~1kb 

corresponding to linearized nanovirus DNA components. FBNYV genomic components were amplified using RCA products and specific 

primers of eight different U1, M, N, C, S, R, U2, and U4 components. The amplified fragments were purified and sequenced. Nucleotide 

sequences of the eight different components of three Iranian isolates of FBNYV (Lor-28, Lor-1, and Ker-21) were compared with FBNYV 

sequences in GenBank. Sequence comparison indicated that Iranian isolates of FBNYV are most similar to Azerbaijan isolates of FBNYV: 

FBNYV-[AZ; 12], and FBNYV-[AZ; 13.5]. Phylogenetic analyses of nucleotide and deduced amino acid sequences of DNA-S, C, and U1 

revealed that Iranian FBNYV isolates clustered with Azerbaijan isolate FBNYV-[AZ;12 ](group II), while DNA-R, DNA-M, DNA-N, 

DNA-U2, and DNA-U4 clustered with FBNYV-[AZ; 13.5], (group I). Considering the genomic differences between two Azerbaijan isolates, 

which can be expected among Iranian isolates. These results may provide evidence of the reassortment occurrence among Iranian and 

Azerbaijan FBNYV isolates. 
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N :    QD�]+ $�]:' !]'�	') ��]0� � 4( ]�;��( 7 �5'�]&' :DNA ladder mix 

(SMOBio, 1 Kb). 

Fig. 2. Electrophoresis pattern of PCR product from Nanovirus-

infected chickpea samples using Nanovirus specific primers. Name 

of  the host and province and non-infected chickpea were typed at the 

top of each lane, Marker: DNA ladder mix (SMOBio, 1 Kb). 
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(���H�� �$ !�    J]+( ��]� �$($ 6�]&' i�(� �� 7N :    QD�]+ $�]:' !]'�	'

)��0� � 4( ]�;��( 7  J]ol2 ���]� :Kit positive control 7 �5'�]&' :DNA 

ladder mix (SMOBio, 1 Kb). 

Fig. 3. Electrophoresis pattern of RCA product of 3 Iranian 

FBNYV isolates. Name of the host and isolate. None-infected 

chickpea typed at the top of each lane, Marker: DNA ladder mix 

(SMOBio, 1 Kb). 
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 7J+(�5'�&' :DNA ladder mix (SMOBio, 1 Kb). 

Fig. 4. Electrophoresis pattern of RCA products digestion using 

AatII restriction enzyme of 3 Iranian FBNYV isolates. Name of the 

host and isolate typed at the top of the each lane, Marker: DNA 

ladder mix (SMOBio, 1 Kb). 
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Fig. 5. Electrophoresis pattern of PCR products of 8 

components of Iranian FBNYV isolate (ker-21) using specific 

primers (Grigoras et al., 2014), name of the amplified fragments, 

host, and isolate typed at the top of the each lane.. Marker: DNA 

ladder mix (SMOBio, 1 Kb). 
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Table 1. List of primer used in this study for detection of Nanoviruses 

Refrence Size (bp) Sequence Primer 

Kumari et al., 2009 776 5’-ATTGTATTTGCTAATTTTA-3’ 

5’-TTCCCTTCTCCACCTTGT_3’ 
Nano_F103 

Nano_R101 
  

b��� ,C �����4�a� �$�G"+( ��� �$ M�( 3U�� �$�2 J��� �$�4 ;���� 2�'j ��EdU �
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Table 2. List of primer used in this study for detection of FBNYV 

Refrence Size(bp) Sequence Primer 

Grigoras et al., 2014 ~1000 5’-CGAAGCTTCGAGGAGTATGTTAATTACGG-3’ 

5’- TCGAAGCTTCGTGGAAAGTCGAAGAGCACT-3’ 
R-F 

R-R 
Grigoras et al., 2014 ~1000 5’-  CTGTTCTAGAACACAGAGTTTATGT -3’ 

5’-GTGTTCTAGAACAGCTTTAAGAGCA-3’ 
S-F 

S-R 
Grigoras et al., 2014 ~1000 5’- ATTGTCAACTGCAGTGAATTGGATAAATTA-3’ 

5’- GCAGTTGACAATCATACCGTCTTCGTATGT-3’ 
C-F 

C-R 
Grigoras et al., 2014 ~1000 5’-TTGCGTCAACACTGACCAGAACTCC-3’ 

5’-CAGTGTTGACGCAACTCTTCTCTTC-3’ 
M-F 

M-R 
Grigoras et al., 2014 ~1000 5’-TGGATCTCGAGTCTCAGTACTTGAAGAAGG-3’ 

5’-TGAGACTCGAGATCCAGGTTGAATGTCCTT-3’ 
N-F 

N-R 
Grigoras et al., 2014 ~1000 5’-GTCTGAATTCGTTGAAGAGTCTTCTCC-3’ 

5’- TCAACGAATTCAGACTTGTGTTCTTCA-3’ 
U1-F 

U1-R 
Grigoras et al., 2014 ~1000 5’- TATGAAGCTTTCGATGAGAGAATTG-3’ 

5’- TCGAAAGCTTCATACGCCTAATCGA-3’ 
U2-F 

U2-R 
Grigoras et al., 2014 ~1000 5’- GACTTGATTCAAAGGTCGATGAAG-3’ 

5’- CAAGCGTCTTYAAATGCTGCATAAC-3’ 

U4-F 

U4-R 
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Table 3. Percentage of amino acid and nucleotide sequence identity of 8 genomic DNA of Iranian FBNYV isolates in compare of  

other FBNYV isolates available in GenBank (C-Lor-1: Chickpea of Lorestan No.1, C-Lor-28: Chickpea of  

Lorestan No.28, C-Ker-21: Chickpea of Kermanshah No.21) 

Iranian FBNYV Isolates FBNYV Isolates 

Genome component 

C-Ker-21 C-Lor-28 C-Lor-1 

Acc. 

number 
Country Host aa 

(%) 

nt 

(%) 

aa 

(%) 

nt 

(%) 

aa 

(%) 

Nt 

(%) 

87.0 94.7 85.9 94.4 85.6 94.3 KC979011 Azerbaijan V. faba 

DNA-C 

90.2 96.1 88.5 95.7 88.9 95.8 KC979002 Azerbaijan V. faba 

83.4 93.2 84.3 93.4 84.6 93.5 KC979021 Spain V. faba 

83.1 93.0 84.0 93.2 84.3 93.3 KC979029 Spain V. faba 

82.4 93.0 84.6 93.5 85.0 93.6 KC979037 Spain V. faba 

82.1 92.4 82.0 92.5 82.4 92.6 GQ274023 Morocco V. faba 

78.5 89.7 79.1 89.8 79.4 89.9 NC003559 Egypt V. faba 

77.9 89.5 79.1 89.7 79.4 89.8 AJ132179 Egypt V. faba 

81.4 92.4 81.7 92.4 82.0 92.5 KX431393 Tunisia V. faba 

82.1 92.7 81.7 92.5 82.0 92.6 KX431392 Tunisia V. faba 

82.1 92.6 81.7 92.4 82.0 92.5 KX431391 Tunisia V. faba 

81.4 92.4 81.7 92.4 82.0 92.5 KX431390 Tunisia V. faba 

81.4 92.6 83.0 93.0 83.3 93.1 KX431389 Tunisia V. faba 

77.9 91.4 78.1 91.5 78.4 91.6 KX431388 Syria V. faba 

76.5 91.2 78.1 91.5 78.4 91.6 KX431387 Syria V. faba 

78.8 90.4 74.4 89.2 74.4 89.4 KC979022 Spain V. faba 

DNA-M 

77.2 90.6 76.0 89.2 76.0 89.2 KC979038 Spain V. faba 

78.8 90.9 75.4 89.5 75.4 89.5 KC979030 Spain V. faba 

80.4 90.8 80.8 91.2 80.8 91.0 KC979003 Azerbaijan V. faba 

85.2 93.0 86.9 93.8 86.9 93.5 KC979018 Azerbaijan V. faba 

80.4 91.0 80.5 91.1 80.5 90.9 KC979012 Azerbaijan V. faba 

76.8 91.0 73.4 89.6 73.4 89.4 GQ274027 Morocco V. faba 

72.3 80.8 73.4 81.2 69.9 81.0 AF159705 Ethiopia V. faba 

65.9 82.4 62.3 80.6 62.3 80.4 NC_003562 Egypt V. faba 

63.0 82.2 60.1 80.4 60.1 80.2 AJ132182 Egypt V.faba 

69.5 84.9 65.5 83.4 65.5 83.2 Y11407 Syria V. faba 

61.1 83.2 58.1 82.3 58.1 82.1 KX431394 Syria V. faba 

61.7 83.3 58.8 82.4 58.8 82.2 KX431395 Syria V. faba 

77.2 90.3 76.4 89.0 76.4 89.0 KX431400 Tunisia V. faba 

75.6 89.8 74.8 88.9 74.8 89.1 KX431399 Tunisia V.faba 

78.5 90.5 77.3 89.1 77.3 89.1 KX431398 Tunisia V. faba 

76.8 90.3 75.7 88.9 75.7 88.9 KX431397 Tunisia V. faba 

75.9 89.4 75.6 88.4 75.6 88.4 KX431396 Tunisia V. faba 

94.0 97.9 98.7 99.4 98.7 99.5 AM493898 Iran Cicer arientinum 

DNA-N 

97.3 99.0 91.3 96.9 91.3 96.8 AM493901 Iran V. faba 

87.5 93.3 81.5 92.3 81.5 92.2 KC979004 Azerbaijan V. faba 

86.0 92.9 84.9 91.5 84.9 91.4 KC979013 Azerbaijan V. faba 

85.2 92.9 82.9 91.9 82.9 91.8 KC979023 Spain V. faba 

84.9 92.9 82.6 91.9 82.6 91.8 KC979031 Spain V. faba 

85.2 93.0 82.2 91.9 82.2 91.8 KC979039 Spain V. faba 

86.3 93.4 84.0 92.5 84.0 92.4 GQ274030 Morocco V. faba 

82.5 93.5 79.8 92.3 79.8 92.2 NC_003566 Egypt V. faba 

86.2 93.3 83.9 92.3 83.9 92.2 KX431403 Tunisia V. faba 

85.0 92.9 84.3 92.3 84.3 92.2 KX431404 Tunisia V. faba 

86.2 93.3 83.9 92.3 83.9 92.2 KX431405 Tunisia V.faba 

86.2 93.4 83.9 92.4 83.9 92.3 KX431406 Tunisia V. faba 

85.9 93.3 83.6 92.3 83.6 92.2 KX431407 Tunisia V. faba 



%���67� � &'� �"� : �����
�	��  �� 
������ ����� �� �������� ���� ����  !��  %���� �� ��"# �� ���$ ��� �� �	

82.3 93.2 78.3 91.0 78.3 90.9 KX431402 Syria V. faba 

82.0 93.2 78.0 91.0 78.0 90.9 KX431401 Syria V. faba 

95.0 98.4 97.4 99.0 96.7 98.8 KC979000 Azerbaijan V. faba 

DNA-R 

95.0 98.5 97.4 99.1 96.7 98.9 KC979009 Azerbaijan V. faba 

90.7 97.1 91.7 97.3 92.4 97.5 KC979019 Spain V. faba 

91.4 97.3 92.4 97.5 93.0 97.7 KC979027 Spain V. faba 

91.4 97.3 92.4 97.5 93.0 97.7 KC979035 Spain V. faba 

98.3 99.3 98.0 99.1 98.7 99.3 HE663168 Ethiopia V. faba 

92.0 97.4 93.7 97.5 93.7 97.5 GQ274025 Morocco V. faba 

89.4 96.2 89.4 96.0 89.4 96.0 NC_003560 Egypt V. faba 

88.4 96.1 88.1 95.9 88.1 95.9 AJ132180 Egypt V. faba 

90.1 96.4 90.1 96.2 90.1 96.2 Y11407 Syria V. faba 

90.3 96.5 90.6 96.2 90.6 96.2 KX431380 Syria V. faba 

89.9 96.4 90.3 96.1 90.3 96.1 KX431381 Syria V. faba 

90.7 97.0 91.7 97.2 92.4 97.4 KX431382 Tunisia V. faba 

89.1 96.6 90.1 97.0 90.7 97.2 KX431383 Tunisia V. faba 

86.8 95.9 87.7 95.8 87.7 95.8 KX431384 Tunisia V. faba 

90.0 96.7 91.0 97.1 91.7 97.3 KX431385 Tunisia V. faba 

89.7 96.8 90.7 97.0 91.4 97.2 KX431386 Tunisia V. faba 

92.7 96.6 98.1 99.2 98.1 99.1 AM493899 Iran Cicer arietinum 

DNA-S 

93.9 97.6 87.3 94.8 87.3 94.7 AM493900 Iran V. faba 

90.2 95.6 89.9 95.6 89.9 95.5 KC979001 Azerbaijan V. faba 

77.0 90.3 72.8 87.8 72.8 87.9 KC979010 Azerbaijan V. faba 

88.3 92.2 81.5 89.1 81.0 89.3 GQ371215 Azerbaijan V. faba 

88.5 92.3 81.2 88.9 81.3 89.0 GQ351600 Azerbaijan Lens culinaris 

77.3 90.4 72.5 87.9 72.5 87.8 KC979020 Spain V. faba 

77.3 90.4 72.5 87.9 72.5 87.8 KC979028 Spain V. faba 

76.9 89.9 72.1 87.5 72.1 87.4 KC979036 Spain V. faba 

87.0 93.2 85.6 91.7 85.4 91.6 DQ830990 Spain V. faba 

75.5 89.7 70.4 87.3 70.4 87.2 HE663169 Ethiopia V. faba 

76.7 90.2 71.9 87.6 71.9 87.7 GQ274028 Morocco V. faba 

78.0 90.4 73.9 88.3 73.9 88.2 NC_003563 Egypt V. faba 

77.7 90.5 73.9 88.4 73.9 88.3 AJ132183 Egypt V. faba 

78.8 90.3 74.0 88.1 74.0 88.0 Y11408 Syria V. faba 

73,9 87.4 70.4 85.6 70.4 85.5 KX431408 Syria V. faba 

75.5 88.1 72.0 86.3 72.0 86.2 KX431409 Syria V. faba 

77.9 90.5 72.8 88.0 72.8 87.9 KX431410 Tunisia V. faba 

76.9 90.2 71.8 87.7 71.8 87.6 KX431411 Tunisia V. faba 

77.9 90.3 72.8 87.8 72.8 87.7 KX431412 Tunisia V. faba 

76.9 90.0 71.8 87.5 71.8 87.5 KX431413 Tunisia V. faba 

78.2 90.4 73.1 87.9 73.1 87.8 KX431414 Tunisia V. faba 

95.1 98.2 95.1 98.2 95.1 98.3 KC979005 Azerbaijan V. faba 

DNA-U1 

75.8 89.8 76.5 89.9 76.8 89.8 KC979014 Azerbaijan V. faba 

76.8 89.6 76.1 89.1 75.5 89.2 KC979024 Spain V. faba 

76.5 89.5 75.8 89.0 75.2 89.1 KC979032 Spain V. faba 

76.1 89.8 75.5 89.3 74.8 89.4 KC979040 Spain V. faba 

72.5 88.8 72.5 88.9 72.9 88.8 HE663170 Ethiopia V. faba 

70.3 88.1 70.3 87.8 69.6 87.9 GQ274026 Morocco V. faba 

68.3 87.1 68.6 87.4 69.3 87.1 NC_003561 Egypt V. faba 

68.3 87.1 68.6 87.4 69.3 87.1 AJ132181 Egypt V. faba 

73.2 87.8 73.9 87.9 73.9 87.8 Y11406 Syria V. faba 

72.5 87.2 73.9 87.5 73.9 87.4 KX431415 Syria V. faba 

71.6 87.0 72.5 87.3 72.5 87.2 KX431416 Syria V. faba 

76.8 89.8 75.8 89.3 75.2 89.4 KX431417 Tunisia V. faba 

74.5 89.3 73.9 88.8 73.2 88.9 KX431418 Tunisia V. faba 

72.5 88.8 72.9 89.1 73.5 88.8 KX431419 Tunisia V. faba 

75.2 89.4 74.5 88.9 73.9 89.0 KX431420 Tunisia V. faba 

74.8 89.4 74.2 88.9 73.5 89.0 KX431421 Tunisia V. faba 

91.9 97.2 91.6 97.1 91.6 97.1 KC979006 Azerbaijan V. faba DNA-U2 
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81.9 92.6 80.6 92.3 80.6 92.3 KC979015 Azerbaijan V. faba 

78.9 91.7 78.3 91.4 77.9 91.4 KC979025 Spain V. faba 

78.2 91.5 77.9 91.3 77.5 91.3 KC979033 Spain V. faba 

79.9 92.0 79.5 91.7 79.2 91.7 KC979041 Spain V. faba 

89.6 96.4 88.3 95.9 89.0 96.1 HE663171 Ethiopia V. faba 

77.5 90.6 77.3 90.4 77.6 90.6 GQ274029 Morocco V. faba 

59.7 79.3 58.9 79.0 59.2 79.0 NC_003564 Egypt V. faba 

60.1 79.4 58.9 79.1 59.2 79.1 AJ132184 Egypt V. faba 

69.1 85.7 69.5 85.6 69.1 85.4 Y11409 Syria V. faba 

73.2 87.8 73.2 87.6 73.2 87.5 KX431422 Syria V. faba 

78.9 90.9 78.5 90.6 77.5 90.4 KX431423 Syria V. faba 

78.5 91.4 77.9 91.1 77.2 90.9 KX431424 Tunisia V. faba 

79.8 91.2 79.5 90.9 78.5 90.7 KX431425 Tunisia V. faba 

73.2 87.9 73.2 87.7 73.2 87.6 KX431426 Tunisia V. faba 

78.1 90.6 76.8 90.3 76.1 90.1 KX431427 Tunisia V. faba 

80.5 91.4 80.2 91.1 79.2 90.9 KX431428 Tunisia V. faba 

96.1 98.4 98.4 99.2 98.4 99.1 KC979007 Azerbaijan V. faba 

DNA-U4 

87.5 93.7 88.4 93.5 88.4 93.4 KC979016 Azerbaijan V. faba 

92.5 96.3 93.5 96.5 93.5 96.6 KC979017 Azerbaijan V. faba 

79.4 89.4 78.2 89.3 78.2 89.4 KC979034 Spain V. faba 

79.4 89.3 78.2 89.2 78.2 89.3 KC979042 Spain V. faba 

79.4 89.3 78.2 89.2 78.2 89.3 KC979026 Spain V. faba 

77.8 88.3 78.2 87.9 78.2 88.0 GQ274024 Morocco V. faba 

68.6 83.3 67.8 83.1 67.8 83.2 NC_024457 Egypt V. faba 

69.0 83.3 67.8 83.1 67.8 83.2 AJ749902 Egypt V. faba 

72.5 84.3 70.7 84.1 70.7 84.2 AJ749903 Syria V. faba 

72.9 86.1 71.3 85.9 71.3 86.0 KX431429 Syria V. faba 

74.2 86.3 72.6 86.1 72.6 86.2 KX431430 Syria V. faba 

79.4 89.3 77.9 89.1 77.9 89.0 KX431431 Tunisia V. faba 

79.4 89.2 77.9 89.0 77.9 88.9 KX431432 Tunisia V. faba 

79.4 89.2 77.9 89.0 77.9 88.9 KX431433 Tunisia V. faba 

79.4 88.9 77.9 88.7 77.9 88.6 KX431434 Tunisia V. faba 

79.4 89.4 77.9 89.2 77.9 89.1 KX431435 Tunisia V. faba 
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    !]]�(�� �(�]]	� !]]� b]]
-.* M]]�( �$ ]]+���   ]]'(��( ��]]�  

)Acc. No. AM493898  �Acc. No. AM493901 ( i� �$ Q� ��

 ���� 4( ���� ��4I  �,"��� �(�U) W=��.( 

�(4��o* J`�$  !EdUC    !]@ $($ 6�]&'�    ]'(��( !]�(��
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-.* M]]�( �$ ]]+��� $��]]2

 6�%����p�(Acc. No. KC979002)  ���� i� �$) ����II ( �(�U

 �,"���) W=�� .( �$ �(4��]o* J`�$   !]EdUM  !]�(��   ��]�

	� !� b
-.* M�( �$ +��� $��2 '(��( �(�� !�(��    ��]&@ 4(

  6�]%����p�)Acc. No.KC979018�Acc. No.KC979003 �Acc. 

No. KC979012 (       ���]� 4( ���]� �]�4 i]� �$ Q]� �]�I   �(�]U

 �,"���) W=��.(  

 �$�(4��o* J`�$   !]EdUU1  !]�(��     $��]2 ]'(��( ��]�

!�(�� i� �(�	� !� b
-.* M�( �$ +���   6�%����p� ��&@ 4(  

(Acc. No.KC979005)  ���� 4( ���� ��4 i� �$ Q� ��II   �(�]U

 �,"���) W=�� .(�(4��o* J`�$   !]EdUU2    !]@ $($ 6�]&'� 

 '(��( !�(��FBNYV  6�%����p� ��&@ !�(�� �� +��� $��2

(Acc. No. KC979006)   ?�]
*( !�(�� �)Acc.No. HE663171 (
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 �� +���w  6�%����p� ��&@ 4( !�(��)Acc. No. KC979007, 

Acc.No. KC979017 ( ���� �$ ���� ��4 i� �$I  �,"��� �(�U

) W=��.( 
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 B�/;C (4��o* J`�$� WF�1 4( b��d* m$(�* ��
*�s�@�' ��EdU /�'j !�(��    3U�]� �$�]2 J��� �$�4 ;���� ���)FBNYV (   m$(�]* ���]+ �]�   ��]�

 �(>�( /�' 4( �$�G"+( �� ;���� M�( 4( ��� Jo| ��
*�s�@�'MEGA6 .!`�� ��,@ $(�0(    A4�( �]F�$ �]�Bootstrap   6�]
2 �$�vv    ]2 6�]&' (� �(�]=*  �],�$ . 4(
 ;����Banana bunchy top virus  ���� 4( ^��` ;���� 6(�,0 !�)outgroup (�$�G"+( ��. 

Fig. 6. Phylogenetic tree obtained from the alignment of nucleotide sequences of Faba bean necrotic yellow virus (FBNYV) isolates compare 

with other isolate of this virus using MEGA6 program .Numbers on the branches indicate bootstrap percentage. In Phylogenetic analysis Banana 

bunchy top virus (BBTV) were used as outgroup. 
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 b���]C  k�":2 ��EdU �4(�'( !]�(�� /�'j     ;��]�� ]'(��( ��]�

 �$�2 J��� �$�43U��  
Table 4- Genomic Fragments size of Iranian isolates of Faba 

bean necrotic yellows virus 

Isolate Component Size of DNA (nts) 

Chickpea-Lor-1, 

Chickpea-Lor-28, 

Chickpea-Ker-21 

R 1003 

S 1005 

C 993 

M 992 

N 987 

U1 987 

U2 987 

U4 989 
  

 m$(�* !<��-2�  i� � �
'�~+( 4( !�(��  9@(�]2 4( !�(��

      4( 6� Y�]-"'( Y�]	"1( � �5��]=� �]� �]�'� $��4 J��o� �5'�&'

2 �?��( z�,� !� 9@(�2 ���� .  !]�(�� M]�( �M�( �� ��30   �]�

   D�]	E2 �]
* �5'���	' J+( M=	2(type common) FBNYV 

  �]��� �?��( ��a z�,� � 9@(�2 �$)(Grigoras et al., 2014 .

 ��]]EdU 6�,@�]]*n  !]]�(�� �$ /�]]'j !]]'��FBNYV  ��]]&@ 4(

!� 6�%����p� /�'   ��]�FBNYV-[AZ;12]  �FBNYV-[AZ;13.5] 

��� m$(�* M

E* �'( . !]�(��      ���]� i]� �$ 6�]%����p� ��]�

!�(�� M
� W-"<2    !]'�
2���` ��]�)  �]_2 � !���]+ ((  i]� 4

!"��� �(�U �5�$ m�c 4( 9@(�2 � �
'�~+( � m�c �'( .  ���]G*

  !]�(�� ]=
"'j ���G* 4( 9
� ��@N2 !�(�� �$ =
"'j   ��]�

2 �5��=� �� 9@(�2 � �
'�~+(     W].2 !�]F�� !]=
D�1 �$ ����

 ��,* 6�%����p� !�(�� �$ ��($�� !'�	'xvv    J]+( �$�]� �]"2. 

��)�! ��p�����EdU m$)DNA-S  �DNA-N(   6�]% ا2-��>! *�

FBNYV-[AZ;12]    �]]�( !]]�(�� �]]� $�]]�4 J��o]]� �5'�]]&'6 ا

FBNYV-[IR;1] ) 6�"]+�D   ��"]&D(Acc. No. AM493899 and 

Acc. No. AM493898) (  !]]]]�(�� !]]]]=
D�1 �$ $�]]]]�  

FBNYV-[AZ;13.5]     6(�]]�( !]]�(�� �]]� (� J��o]]� M��"]]&
�

FBNYV-[IR;2] )��&'�2�@) ( Acc. No. AM493900�Acc. No. 

AM493901 ( J]]]�($)Grigoras et al., 2014 .( J]]]`�$

�(4��o* ��� WF�1 4( b��d* m$(�* ��
*�s�@�' ��EdU /�'j 

� !�(��   '(��(FBNYV ) W=�� (  ��3]0 !@ J+( 6� �5'�&'

 !EdU ��(DNA-S)  ��EdU �)C  �U1( !�(��   $��]2 '(��( ���

�]]� (� J��o]]� M��"]]&
� >]]
' b]]
-.* M]]�( �$ !]]ED�d2  !]]�(��

FBNYV-[AZ;12]    W-"]<2 ���]� i� �$ � !"�($ 6�%����p� 4(

) ����II (!"��� �(�U     !]EdU �]2( �]'((DNA-N)    !]�(�� !]+ �$

 �$ �� (� J��o� M��"&
� '(��(�(��( !�(� ]' FBNYV-[IR;1] 

� FBNYV-[IR;2] )B'�,� � �6(��q	� �$($ ��� �&",2 ��&' ( !"�($

 ���� �$ W-"<2 ������4 i� W
=&* �I �$($ (�  �'() W=��.(  

 ��EdU)R �M �U2  �U4 ( �$�     �$ �]� �]� ]'(��( !�(��

 6�]]]%����p� !]]]�(��FBNYV-[AZ;12]  �FBNYV-[AZ;13.5] 

  ���]� �$ ������4 i� �$ � !"�($ J���&2I   !]"��� �(�]U   �]'(

) W=]]�� .(�$�]]@ A�(>]]� 6(��]]=	� � V�(��]]5��� (!]]@ �]]' 

�H�]]]	"1( (�]]�� !]]]]]FBNYV-[AZ:13.5] *]]]
D�]]]	E2 �   

(type common) FBNYV �$ !]]-d,2 �$]]��]� ( � �>]]`]]� 6(�]

]]2 �]]��� )(Grigoras et al., 2014 D�]]1�$ !]]@  J]]`�$

�(4��]]o* �]]�� ]]+�*
]]2 ��]]� )]]�d2 m3]]` ��]]� Q  �]]���

!� ��c� ��EdU !=)S �C  �U1 (�
�"&� (�� �]� (� J��o� M ]� !

FBNYV-[AZ;12] ��]]EdU �)R �M �U2  �U4( �$ � (��]]� !

(�]]'(�  (�� �$ �]]� �]]�]]����p� !� 6�]]%FBNYV-[AZ;12]  �

FBNYV-[AZ;13.5]  !EdU � !"�($ J���&2N  (�� !]+ �$ ]� !

(�'(� +��� $��2 ( �$�-.* M
� b
 �"]&�   �$ �]� (� J��o]� M

(���( !� ]'(� FBNYV-[IR;1]  �FBNYV-[IR;2]   �$ � !"]�($

�4 i�  ���]� 4( �����I   !]"��� �(�]U  �]'(.     S�],* $�]�� J]�0

(�� �$ ��EdU ]�!  �]�� (� ]'(�  ]2 (�    �? S�]U� !]� 6(�]* ]� ��

��]]]��'� (reassortment) $($ Jo]]]<' .Q]]]� ��]]]e1  6�]]]24

(���! ���  k�":2�= ? 4(
��� 9 ���   ��]��' S�]U��  �

@�*�]]'
o (recombination) 2 �$]]
(�� 6�]]�! �]]�� ��]]+�� 

��F�_` * �$
�� � ]�;��  �]��  �]�U�$ Geminiviridae * � ]
 ��

��'�]]'��� ��Nanoviridae  ]2  �]��� .    :]&* !]� !]��* �]�
 �

�$�]]]]D� ( �$]]� 6(�(Makkouk et al., 2002) �-2 �$� �]]� !]]<

���p�� 6�%)Grigoras et al., 2009 ( ],} Q� �
   J]&@ !-��]+ M

( �$ $�:'�2 6(� ,} 6(�*
"' M
!% � ]
��   !]@ $�]	'  �H�]	"1( 
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]]EE* �
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