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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 ¢29 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 Ul, 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 Ul
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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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

Primer Sequence

Size (bp) Refrence

Nano_F103
Nano_R101

5’-ATTGTATTTGCTAATTTTA-3’
5’-TTCCCTTCTCCACCTTGT_3’

776 Kumari et al., 2009

ML 630 3l (63,5 s rs Dlakad L5 gl e onl s el eslinad la SET-Y Jgde
Table 2. List of primer used in this study for detection of FBNYV

Primer Sequence Size(bp) Refrence

R-F 5’-CGAAGCTTCGAGGAGTATGTTAATTACGG-3’ ~1000 Grigoras et al., 2014
R-R 5’- TCGAAGCTTCGTGGAAAGTCGAAGAGCACT-3 ”

S-F 5’- CTGTTCTAGAACACAGAGTTTATGT -3’ ~1000 Grigoras et al., 2014
S-R 5’-GTGTTCTAGAACAGCTTTAAGAGCA-3’ ) ’

C-F 5’- ATTGTCAACTGCAGTGAATTGGATAAATTA-3’ ~1000 Grigoras et al., 2014
C-R 5’- GCAGTTGACAATCATACCGTCTTCGTATGT-3’ ) ”

M-F 5’-TTGCGTCAACACTGACCAGAACTCC-3’ ~1000 Grigoras et al., 2014
M-R 5’-CAGTGTTGACGCAACTCTTCTCTTC-3’ N

N-F 5’-TGGATCTCGAGTCTCAGTACTTGAAGAAGG-3’ ~1000 Grigoras et al., 2014
N-R 5’-TGAGACTCGAGATCCAGGTTGAATGTCCTT-3’ ”

Ul-F 5’-GTCTGAATTCGTTGAAGAGTCTTCTCC-3’ ~1000 Grigoras et al., 2014
Ul-R 5’- TCAACGAATTCAGACTTGTGTTCTTCA-3’ ) ”
U2-F 5’- TATGAAGCTTTCGATGAGAGAATTG-3’ ~1000 Grigoras et al., 2014
U2-R 5’- TCGAAAGCTTCATACGCCTAATCGA-3’ ) ”
U4-F 5’- GACTTGATTCAAAGGTCGATGAAG-3’ ~1000 Grigoras et al., 2014
U4-R 5’- CAAGCGTCTTYAAATGCTGCATAAC-3’ ”
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Table 3. Percentage of amino acid and nucleotide sequence identity of 8 genomic DNA of Iranian FBNY'V isolates in compare of
other FBNYYV 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)

FBNYY Isolates Iranian FBNYYV Isolates
C-Lor-1 C-Lor-28 C-Ker-21
G t
enome componen Host Country Acc. Nt aa nt aa nt aa

number %) (%) (%) (%) (%) (%)

V. faba Azerbaijan KC979011 943 856 944 859 947 870
V. faba Azerbaijan KC979002 95.8 889 957 88.5  96.1 90.2
V. faba Spain KC979021 935 846 934 843 932 834
V. faba Spain KC979029 933 843 932 840 93.0 831
V. faba Spain KC979037 93.6 850 935 846 930 824
V. faba Morocco GQ274023 926 824 925 820 924 821
V. faba Egypt NC003559 899 794 898 791 897 785
DNA-C V. faba Egypt AJ132179 89.8 794 897 791 895 779
V. faba Tunisia KX431393 925 82.0 924 817 924 814
V. faba Tunisia KX431392 926 8.0 925 817 927 821
V. faba Tunisia KX431391 925 82.0 924 817 926 821
V. faba Tunisia KX431390 925 820 924 817 924 814
V. faba Tunisia KX431389 931 833 930 830 926 814
V. faba Syria KX431388 91.6 784 915 781 914 779
V. faba Syria KX431387 91.6 784 915 781 912 765
V. faba Spain KC979022 894 744 892 744 904 788
V. faba Spain KC979038 89.2 760 892 760 90.6 772
V. faba Spain KC979030 89.5 754 895 754 909 788
V. faba Azerbaijan KC979003 91.0 80.8 912 808 90.8 804
V. faba Azerbaijan KC979018 935 869 938 869 930 852
V. faba Azerbaijan KC979012 909 805 91.1 805 91.0 804
V. faba Morocco GQ274027 894 734 896 734 910 768
V. faba Ethiopia AF159705 81.0 699 812 734 80.8 723
DNA-M V. faba Egypt NC_003562 804 623 806 623 824 659
V.faba Egypt AJ132182 80.2 60.1 804 60.1 822  63.0
V. faba Syria Y11407 832 655 834 655 849 695
V. faba Syria KX431394 82.1 581 83 581 832 611
V. faba Syria KX431395 822 588 824 588 833 617
V. faba Tunisia KX431400 89.0 764 890 764 903 772
V.faba Tunisia KX431399 89.1 748 889 748 89.8 75.6
V. faba Tunisia KX431398 89.1 773  89.1 773 90.5 78.5
V. faba Tunisia KX431397 889 757 89 757 903 76.8
V. faba Tunisia KX431396 884 756 884 756 894 759
Cicer arientinum Iran AM493898 99.5 987 994 987 979 940
V. faba Iran AM493901 968 913 969 913 99.0 973
V. faba Azerbaijan KC979004 922 815 923 815 933 875
V. faba Azerbaijan KC979013 914 849 915 849 929  86.0
V. faba Spain KC979023 91.8 829 919 829 929 852
V. faba Spain KC979031 91.8 826 919 826 929 849
DNAN V. faba Spain KC979039 91.8 822 919 822 930 852
V. faba Morocco GQ274030 924 840 925 840 934 863
V. faba Egypt NC_003566 922 798 923 798 935 825
V. faba Tunisia KX431403 922 839 923 839 933 862
V. faba Tunisia KX431404 922 843 923 843 929 850
V.faba Tunisia KX431405 922 839 923 839 933 862
V. faba Tunisia KX431406 92.3 839 924 839 934 86.2

V. faba Tunisia KX431407 922 836 923 836 933 85.9
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V. faba Syria KX431402 909 783 91.0 783 932 823

V. faba Syria KX431401 909 780 91.0 780 932 820

V. faba Azerbaijan KC979000 988 967 990 974 984 950

V. faba Azerbaijan KC979009 989 967 99.1 974 985 95.0

V. faba Spain KC979019 97.5 924 973 917 97.1 90.7

V. faba Spain KC979027 977 930 975 924 973 914

V. faba Spain KC979035 977 930 975 924 973 914

V. faba Ethiopia HE663168 993 987 991 980 993 983

V. faba Morocco GQ274025 975 937 975 937 974 920

V. faba Egypt NC_003560 96.0 894 960 894 962 894
DNA-R V. faba Egypt AJ132180 959 881 959 881 96.1 88.4
V. faba Syria Y11407 962 90.1 962 901 964  90.1

V. faba Syria KX431380 962 90.6 962 906 965 903

V. faba Syria KX431381 96.1 903 96.1 903 964 899

V. faba Tunisia KX431382 974 924 972 917 97.0 907

V. faba Tunisia KX431383 972  90.7 97.0 90.1 96.6 89.1

V. faba Tunisia KX431384 958 877 958 877 959 868

V. faba Tunisia KX431385 973 91.7 971  91.0 967 90.0

V. faba Tunisia KX431386 972 914 970 907 96.8  89.7
Cicer arietinum Iran AM493899 99.1 981 992 981 96.6 927
V. faba Iran AM493900 947 873 948 873 976 939

V. faba Azerbaijan KC979001 955 899 956 899 956 902

V. faba Azerbaijan KC979010 879 728 878 728 903  77.0

V. faba Azerbaijan GQ371215 893 81.0  89.1 81,5 922 883
Lens culinaris Azerbaijan  GQ351600 890.0 813 889 812 923 885
V. faba Spain KC979020 878 725 879 725 904 773

V. faba Spain KC979028 878 725 879 725 904 773

V. faba Spain KC979036 874 721 875 721 89.9 769

V. faba Spain DQ830990 91.6 854 917 856 932 870
DNA-S V. faba Ethiopia HE663169 872 704 873 704 897 755
V. faba Morocco GQ274028 87.7 71.9 87.6 71.9 90.2 76.7

V. faba Egypt NC_003563 882 739 883 739 904 780

V. faba Egypt AJ132183 883 739 884 739 905 777

V. faba Syria Y11408 88.0 740 8.1 740 903 788

V. faba Syria KX431408 855 704 856 704 874 739

V. faba Syria KX431409 862 720 863 72.0 881 75.5

V. faba Tunisia KX431410 879 728 880 728 905 779

V. faba Tunisia KX431411 876 71.8 877 718 902 769

V. faba Tunisia KX431412 877 728 878 728 903 779

V. faba Tunisia KX431413 875 718 875 718 900 769

V. faba Tunisia KX431414 878 731 879 731 904 782

V. faba Azerbaijan KC979005 983 951 982 951 982 951

V. faba Azerbaijan KC979014 8908 768 899 765 89.8 758

V. faba Spain KC979024 892 755 89.1  76.1 89.6  76.8

V. faba Spain KC979032 89.1 752 890 758 895 765

V. faba Spain KC979040 894 748 893 755 898  76.1

V. faba Ethiopia HE663170 888 729 889 725 888 725

V. faba Morocco GQ274026 879 696 87.8 703  88.1 70.3

V. faba Egypt NC_003561 87.1 693 874 68.6 871 68.3
DNA-U1 V. faba Egypt AJ132181 87.1 693 874 68.6 8.1 68.3
V. faba Syria Y11406 878 739 879 739 878 732

V. faba Syria KX431415 874 739 875 739 812 725

V. faba Syria KX431416 872 725 873 725 870 716

V. faba Tunisia KX431417 894 752 893 758 89.8 76.8

V. faba Tunisia KX431418 889 732 888 739 89.3 74.5

V. faba Tunisia KX431419 888 735 891 729 888 725

V. faba Tunisia KX431420 89.0 739 889 745 894 752

V. faba Tunisia KX431421 89.0 735 889 742 894 748
DNA-U2 V. faba Azerbaijan KC979006 97.1 916 971 916 972 919

AY
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V. faba Azerbaijan  KC979015 923 806 923 806 926 819
V. faba Spain KC979025 914 779 914 783 917 789
V. faba Spain KC979033 913 775 913 779 915 782
V. faba Spain KC979041  91.7 792 917 795 920 799
V. faba Ethiopia HE663171  96.1 89.0 959 883 964  89.6
V. faba Morocco GQ274029  90.6 776 904 713  90.6 715
V. faba Egypt NC_003564 790 592 790 589 793 597
V. faba Egypt AJI32184  79.1 592 791 589 794  60.1
V. faba Syria Y 11409 854 69.1 856 695 857  69.1
V. faba Syria KX431422 875 732 876 732 818 732
V. faba Syria KX431423 904 775 906 785 909 789
V. faba Tunisia KX431424 909 772 911 779 914 785
V. faba Tunisia KX431425 907 785 909 795 912  79.8
V. faba Tunisia KX431426  87.6 732 877 732 819 732
V. faba Tunisia KX431427 901 761 903 768 90.6 78.1
V. faba Tunisia KX431428 909 792 91.1 802 914 805
V. faba Azerbaijan  KC979007  99.1 984 992 984 984  96.1
V. faba Azerbaijan  KC979016 934 884 935 884 937 875
V. faba Azerbaijan  KC979017 966 935 965 935 963 925
V. faba Spain KC979034  89.4 782 893 782 894 794
V. faba Spain KC979042 893 782 892 782 893 794
V. faba Spain KC979026 893 782 892 782 893 794
V. faba Morocco GQ274024 880 782 879 782 883 778
V. faba Egypt NC_024457 832 678 831 678 833 686

DNA-U4 V. faba Egypt AJ749902 832 678 831 678 833  69.0
V. faba Syria AJ749903 842 707 841 707 843 725
V. faba Syria KX431429 860 713 859 713 861 729
V. faba Syria KX431430 862 726 861 726 863 742
V. faba Tunisia KX431431  89.0 779 891 779 893 794
V. faba Tunisia KX431432 889 779 890 779 892 794
V. faba Tunisia KX431433 889 779 89.0 779 892 794
V. faba Tunisia KX431434 886 779 887 779 889 794
V. faba Tunisia KX431435  89.1 779 892 779 894 794
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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 MEGAG6 program .Numbers on the branches indicate bootstrap percentage. In Phylogenetic analysis Banana
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Alas 551 8T 05,8 53058 05 S Lo g andly gl
oS WUles ;S 2158 OLLSan 5wl 5 5.5 IS)
I —exs o FBNYV-[AZ:13.5] 4> Vx|
Ol =l 5 532 sl ,s adlis ;3 FBNYV (type common)
o3 4 S JUs s (Grigoras er al., 2014) 5L
ISl G e I el w5 e LS
ol L cald op 20, (U1 5C8) ek o5 5ba
asli=Y 55 (U4 5 U2 M R) Sl sks FBNYV-[AZ;12]
5 FBNYV-[AZ;12] 3lawl 3l aslas 53 a Ly S0
aold aw 53 N oaxdes 5 atils Cplive FBNYV-[AZ;13.5]
b cald il G ol 53 sz 2050 S0
53 5 «3ls FBNYV-[IR;2] 5 FBNYV-[IR;1] il ol wld>
g sy oo Ll S 5510y, 8 5les S 05 S
ol fsbs am Ol e ) Sl glaaslir o Oolalal

Ql_A)'V_h D 3l Sl (reassortment) (g s> 5

3 Sorms pats slab it ol (S il laglis
—38 Slaali> Ol > (recombination) oS 54
o = 5 Geminiviridae 51335 gla vg,0 96,5 53 iaja:-
o a4 5 Ly AL e Nanoviridae ol 5 5 5L
L aslie ,5 (Makkouk ef al., 2002) Ol | ;3 uf:j_ﬂ
CiS Al e 0 (Grigoras et al., 2009) Ol ;31
V| S 350 (5 S amsd ior 15 o O1nl 53 250
Ol 5 DBk o3 0 b (65,5 s s 3 ks Sladsli
JlSs (K58 conds s plis 6l 5 31 32
o L 0T BLl 5 Gus s Lo ooad b

Al by Sl 508 ol 3 O3]

WAV g 65 ) oyled AF W 1 alS glasslew 5 ST

3 ) lsanlir g5 cilie lalad o311 —F g

Wil 53,0 il (53,5

Table 4- Genomic Fragments size of Iranian isolates of Faba
bean necrotic yellows virus

Isolate Component Size of DNA (nts)
R 1003
S 1005
Chickpea-Lor-1, C 993
. M 992
Chickpea-Lor-28,
Chickpea-Ker-21 N 87
P Ul 987
U2 987
U4 989

S 3l s S bl 5l aglas TGl 5 anlis

1 67 JUit Jarl 5 Ko L Ll sl bt Sotes
Laaghbr ool copl oMo il oo syl Cogor 4 ST s
FBNYV (type common) Jsexe 3 J.<JL3L~ Sl K
(Grigoras et al., 2014) J_3L L)l o6 s 5 AS| e 5o
5558 SIFBNYV alir 53 05533 CEA ol o eSUs
FBNYV-[AZ;13.5] 5 FBNYV-[AZ;12] slacba Obml,30
05,5 S 3 Olomlydl slaaslus dlods sl 5 s
So Sl Geae s ) ke st Glanlr o it
Coslss Ll S 5 s bl 581 e s Lkl 5 0 b
slrasls S5 Sl 5l e 5 Sde ali> 5 (S35
Jeme dols sl s ik o UG L 3S1 e 5 Wik
il 035 e 00 LS Dbl lidor 53 (515 1 4 gl
Olosul,3T 4lus (DNA-N 5 DNA-S) Solaad o3l 5wl
Ol aslds sl cal s SOL2S FBNYV-[AZ;12]
Acc. No. AM493899 and « yiJl-0lw J) FBNYV-[IR;1]
alas e S js 55 (Ace. No.  AMA493898)
Ol aslis Lo |y cald o x50 FBNYV-[AZ;13.5]
Acc. No. 3 Acc. No. AM493900) (sLi5le ) FBNYV-[IR;2]
5 (Grigoras et al, 2014) c—3ls (AM493901
pr5 Dlakd (U3l 5 ol g Gl 5l Jol sla 1)L
sl &S el O Sl (8 JKE) FBNYV. Il 4l ¥
3y S pl glawliz (UL 5 C) ek « (DNA-S) anks
b Ll cald op i 5 G () s sl
Jis 05,8 s 5 axils O3l 5| FBNYV-[AZ;12]
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