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Identification and molecular characterization of Faba bean necrotic
stunt virus, a new nanovirus in legume fields in Iran
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Abstract

Viruses inducing yellowing and stunting syndrome in legumes including nanoviruses cause losses in several
species particularly broad bean in Iran. One of the most damaging nanoviruses in legumes is Faba bean
necrotic yellows virus (FBNYV). To detect nanoviruses in infected fields, symptomatic plants including
broad bean and common bean were collected from Fars and Khuzestan provinces, respectively, in 2014-
2015. DNA was extracted and subjected to PCR, cloning and sequencing using specific nanovirus primers.
Four fragments of a nanovirus genome including DNA-R, DNA-M, DNA-U1 and DNA-U2 were amplified
and sequenced. The results of sequencing showed that these fragments belong to Faba bean necrotic stunt
virus (FBNSV). This is the first report of this virus in Iran. Sequence comparison of aforementioned genomic
fragments with corresponding DNA fragments of FBNSV isolates and other nanoviruses for which
nucleotide sequence information was available in GenBank indicated that both Iranian isolates of FBNSV
are most similar to Azerbaijani isolates of this virus. Phylogenetic analysis showed that FBNSV is closer to
FBNYYV and Milk vetch dwarf virus (MDV) than to subterranean clover stunt virus. Dendrograms obtained
by phylogenetic analyses of DNA-R and DNA-U2 sequences indicated that FBNSV was closest to FBNYV
while in those obtained for DNA-M and DNA-U1, FBNSV was closer to MDV and Faba bean yellow leaf
virus than to other nanoviruses. For all DNAs characterized in this study, FBNSV isolates from Azerbaijan,
Ethiopia, Morocco and Iran formed a separate group distinct from FBNY'V isolates. It seems that FBNSV
and FBNY'V are distinct nanovirus species.
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Table 1. Oligonucleotide primers used in PCR for amplification of viral DNAs

Primers . Nucleotide Annealing . ,
. Primers .. a o Sequence ( 5'to 3")

(virus) position Temperature (°C)
DNA-RY 798-828 60 ACGAAGCTTCGAGGAGTATGTTAATTACGG
DNA-R® 780-810 60 TCGAAGCTTCGTGGAAAGTCGAAGAGCACT
DNA-M" 564-591 52 TCTACCTTAACAAGAACTCCATTCGAA

First  set | DNA-M® 552-580 52 TTCTTGTTAAGGTAGAAGCAACTCTTCT

(FBNYV) DNA-U1Y 637-664 60 GCTTGAATTCGTTGAAGAGTCTTCTCC
DNA-UI€ 625-652 60 TCAACGAATTCAGACTTGTGTTCTTCA
DNA-U2Y 647-677 55 GAAGGCCTGCAGGACTTGTATGATTACGGT
DNA-U2¢ 625-652 55 CAAGTCCTGCAGGCCTTCTGTATTTCTGAC
DNA-RY 629-649 60 TGGGTGTATGGCCCACAAGG
DNA-R® 609-633 60 CCCAAATGATTCTTCTTCCATCTC
DNA-MY 569-590 52 TTTGAAGCATCGCTTCCTGAG

Second set DNA-M® 545-569 52 TGGTGTTCTAGTTAGAGTTGAGGC

(FBNSV) DNA-U1Y 367-388 55 TGTTGGTTGATGAAGCCACTG
DNA-UI° 350-372 55 CAACAAGTAATGGACTAACGGC
DNA-U2Y 488-509 55 CAAGGTTACCCAGTTACGCAC
DNA-U2¢ 545-569 55 TTGGATATGATAGGACTCTTCTTCC

v

virion-sense strand primer
C complementary-sense strand primer

a Nucleotide position of Faba bean necrotic yellows virus (FBNYV) DNA-R, DNA-M, DNAU1 and DNA-U2 primers
(Timchenko et al. 2006) as in the GenBank database under accession numbers, AJ132180, AJ132182, AJ132181 and
AJ132184, respectively, and of Faba bean necrotic stunt virus (FBNSV) DNA-R, DNA-M, DNAU1 and DNA-U2
primers as in the GenBank database under accession numbers, KX086235, KX086238, KX086236 and KX086237,

respectively.
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Table 2. Characteristics of nanoviruses used in sequence comparisons and phylogenetic analyses in this study

Genome Virus Abbreviation Host Country Acc. number
component
Faba bean necrotic stunt virus FBNSV-[AZ;1] Phaseolus Azerbaijan KC978966.1
[AZ;1] vulgaris
Faba bean necrotic stunt virus FBNSV- Lens culinaris Azerbaijan KC978974.1
[AZ;10] [AZ;10]
Faba bean necrotic stunt virus FBNSV- Vicia faba Ethiopia:Holetta AJ749894
[ET:Hol] [ET:Hol]
Faba bean necrotic stunt virus FBNSV- Vicia faba Iran KX086235
[IR:Ka] [IR:Ka]
Faba bean necrotic stunt virus FBNSV- Phaseolus Iran KX086239
[TR:Kh] [IR:Kh] vulgaris
Faba bean necrotic stunt virus FBNSV- Vicia faba Morocco GQ274033.1
DNA - R [MORS5] [MORS] )
Faba bean necrotic yellows virus FBNYV- Vicia faba Azerbaijan KC979000.1
[AZ;12] [AZ;12]
Faba bean necrotic yellows virus FBNYV-[EV1- Vicia faba Egypt AJ132180.1
[EV1-93] 93]
Faba bean yellow leaf virus FBYLV-[ETH- Vicia faba Ethiopia HE654123.1
[ETH-231] 231]
Milk vetch dwarf virus [BA] MDV-[BA]c Dolichos lablab Bangladesh LC010103.1
Milk vetch dwarfvirus [JP] MDV-[JP] Pisum sativum Japan ABO027511.1
Milk vetch dwarfvirus [JP] MDV-[JP] Pisum sativum Japan NC _003648.1
Subterranean clover stunt virus SCSV7 Trifolium Australia AJ290434.1
(SCSV7) subterraneum
Banana bunchy top virus [AU] BBTV-[AU] Musa cv. Cavendish Australia NC 003479.1
Faba bean necrotic stunt virus- FBNSV- Lens culinaris Azerbaijan KC978977
[AZ;10] [AZ;10]
Faba bean necrotic stunt virus FBNSV- Lens culinaris Azerbaijan K(C978985.1
DNA - M [AZ;12b]) [AZ;12b] ‘
Faba bean necrotic stunt virus FBNSV- Vicia faba Ethiopia:Holetta  GU983869.1
[ET:Hol] [ET:Hol]
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Table 2. Continued.

Y dj.b 40!l

Genome Virus Abbreviation Host Country Acc. number
component
Faba bean necrotic stunt virus FBNSV- Vicia faba Ethiopia:Holetta  AJ749896.2
[ET:Hol] [ET:Hol]
Faba bean necrotic stunt virus FBNSV- Vicia faba Iran KX086238
[IR:Ka] [IR:Ka]
Faba bean necrotic yellows virus FBNYV- Vicia faba Azerbaijan KC979003.1
[AZ;12] [AZ;12]
Faba bean necrotic yellows virus FBNYV-[ EV1- Vicia faba Egypt AJ132182
[EV193] 93]
Faba bean yellow leaf virus [ FBYLV-[ ETH- Vicia faba Ethiopia HE654125
ETH-231] 231]
Milk vetch dwarf virus [BA] MDV-[BA] Dolichos lablab Bangladesh LCO010101.1
Milk vetch dwarfvirus [JP] MDV-[JP] Pisum sativum Japan AB000927
Subterranean clover stunt virus SCSV7 Trifolium Australia U16730.1
(SCSV7) subterraneum
Banana bunchy top virus [AU] BBTV-[AU] Musa cv. Cavendish Australia NC 003474.1
Faba bean necrotic stunt virus [AJ] FBNSV-[AJ] Vicia faba Ethiopia:Holetta AJ749895
Faba bean necrotic stunt virus FBNSV- Lens culinaris Azerbaijan K(C978987.1
[AZ;12b] [AZ;12b]
Faba bean necrotic stunt virus FBNSV- Vicia sativa Azerbaijan KC978997.1
([AZ;15]) [AZ;15]
Faba bean necrotic stunt virus FBNSV- Vicia faba Ethiopia:Holetta ~ GU983871.1
([ET:Hol] [ET:Hol
Faba bean necrotic stunt virus FBNSV- Vicia faba Iran KX086236
[TR:Ka] [TR:Ka]
DNA - U1 Faba bean necrotic yellows virus FBNYV- Vicia faba Azerbaijan KC979005.1
[AZ;12] [AZ;12]
Faba bean necrotic yellows virus FBNYV-[EVI- Vicia faba Egypt NC 003561.1
[EV1-93] 93]
Faba bean yellow leaf virus FBYLV-[ETH- Vicia faba Ethiopia HE654128.1
[ETH-231] 231]
Milk vetch dwarf virus [BA] MDV-[BA] Dolichos lablab Bangladesh LC010098.1
Milk vetch dwarfvirus [JP] MDV-[JP] Pisum sativum Japan AB000924
Cardamom bushy dwarfvirus[IN] CdBDV-[IN] Elettaria India KF435145
cardamomum
Faba bean necrotic stunt virus  FBNSV-[A]] Vicia faba Ethiopia:Holetta AJ749898
[AJ]
Faba bean necrotic stunt virus FBNSV- Phascolus vulgaris Azerbaijan KC978972.1
[AZ:1], [AZ;1])
Faba bean necrotic stunt virus FBNSV- Lens culinaris Azerbaijan K(C978988.1
[AZ;12], [AZ;15]
Faba bean necrotic stunt virus FBNSV- Vicia faba Iran KX086237
[IR:Ka], [IR:Ka]
Faba bean necrotic stunt virus FBNSV-[MOR] Vicia faba Morocco GQ274037.1
DNA-U2 [MOR],
Faba bean necrotic yellows virus FBNYV- Vicia faba Azerbaijan KC979006
[AZ:12], [AZ:12]
Faba bean necrotic yellows virus FBNYV-[EV1- Vicia faba Egypt NC _003564.1
[EV1-93], 93]
Faba bean yellow leaf virus FBYLV-[ETH- Vicia faba Egypt HE654129.1
[ETH-231] 231]
Milk vetch dwarf virus [JP] MDV-[JP] Pisum sativum Japan NC_003644.1
Milk vetch dwarf virus [JP] MDV-[JP] Pisum sativum Japan AB000926.1
Cardamom bushy dwarfvirus[IN] CdBDV-[IN] Elettaria India KF435146
cardamomum
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Fig 1. Yellowing, dwarfing and leaf curl symptoms in Vicia faba from a field in Ghaleh Seyed region, Kazeroun,
Fars Province (A) and in Phaseolus vulgaris from a field in Mollasani region, Khuzestan Province (B).
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Fig 2. Electrophoresis pattern of PCR products amplified from FBNSV-infected plants from different regions as
outlined at the top of each lane using primers for amplification of DNA-R, DNA-M, DNA-U1 or DNA-U2.

Marker = DNA ladder mix (Fermentas).
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Fig 3. Percent nucleotide sequence identity and diversity of genomic DNA-R, DNA-M, DNA-U1 and DNA-U2 of
nanoviruses used in this study. See Table 2 for characteristics of each accession number.
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Fig 3. Percent amino acid sequence identity and diversity of genomic DNA-R, DNA-M, DNA-U1 and DNA-U2 of
nanoviruses used in this study. See Table 2 for characteristics of each accession number.

s, 528 SIFBNSV glaalis - ooen (et al 2009
oo 03,5 S Ol 5 S1 e e 551 O3
slaagller (labad pled 3 5 eols | S5 1, FBNYV
(0 JS) il o 5 s 3 ObmlydT slaglir « 0l |
Nanoviridae o3 gl )3 ¢ 55 5, 50 55> Sl

Burns ) el s rb,a\ Babuvirus .o 3,30 55 i
o~ s (et al. 1994, Wanitchakorn et al. 2000
FBNYV b g i & FBNSV (Nanovirus
Solwdilen 55 5 (¢l o FBNSV s & RS a4l
M3 585 Sl 05 e 5 i B
Abraham et al. 2012, ) el sl 5158 (glan

—» -(Grigoras et al. 2010, Grigoras et al. 2014

6u¢b§b.x_;> 03 deas e QLS ool gl (glael Jiiz
S35 o i FBNSV ( DNA-U2 5 DNA-R laks
Oolakad @aﬁﬁ;ﬂ;; » S J 5555 FBNYV L,
sMDV . 5 5« FBNSV DNA-Ul ; DNA-M
ol edas QLIS dalgd ol sl 5 KOs 3 FBYLV
e—op 4 3 LAL e e FBNYV GIFBNSV a5 ol
il S& Olge GICTV cndd 53 s s cpl s
gy slael ) 53 5 ells O sees FBNYV
DNA-U1 s DNA-M oladas (g5 208 & ol 5 anolas
Slakd ol s aS s e Ol s gl s ps sl L

Grigoras ) el oslil BlE1 2iy §5ealige 9 oS 58

OVY



OIV=0+F 1A ¥A0 Jlu / F o,led / O st / aLS slags los

DNA-R o, ABO2T511.1 DY

1314::(:_5035-:& 1
] LLEO10103.1

— ANINEDT | FBNYY
4| 3l— KCo79000

AJT498%

1o KX086235 | FBNSV

0] 109 s

100 | KCYT8%966.1

MhKCaT89T4 1
HEgsa1z31 | FBALY

AIZ9043 1 SCsY
NC_0034791 | BBTV (out group)

[
0
DNA*UI 100 ,AJ749895

GLI933871.1
KCO78987.1
100 L KX086236

57
KC978997.1
| b HEEE41281 | FBILV
{KC‘B?QUUS.W J p—
NC_003861.1
a

ABOO924 | MDV
4100{@10099.1 J
‘ user3es | SCSV
KF435145.1 J CdBDV (out group)

2 FBNSV

0.1

DNA-M

oo AJTE08096 2

FBNSV
7 lgumsss 1
5 KCOT80851

KCo78aT?

t 100

wop ABOOORZT |y
lLeno101.1

4 AJ132182

FENYY
0 KC978003 1

HEES1Z | FRYLY

uts7in1| SCSV
NC_0034741)  BBTV (out group)

100 — KC978988
% KX086237 FENSV
KCO78972.1
& 5 AJT4898

KCA79006 FENYV
] I_— NC_003564.1

HES54129.1 | EBILY
% AB000925.1 J -
1001NC_003544.1
KF435146.1 | CABDV {out group)

—
01

2L L Faba bean necrotic stunt (FBNSV) slbaa o> 55 Olalad g5 iS5 Bl 5 il I Jol> (gla fl;”.\sa 0 S

Voo O s bootstrap 35,0 dw s e asLs LS slael neighbor-joining 34, s MEGAS i3 ¢5 Hoeslal bla g pgal

s DNA-U1 oLks 4l ,— 5 Banana bunchy top virus (BBTV) ;I DNA-M y DNA-R oladad gl a0 0L, 1SS

=l slr aglde as esliiwl 0,5 T s ny Ol s Cardamom bushy dwarf virus (CdBDV) ;| DNA-U2

g:‘...«‘ 6“4:5“ J}J’.' Jé Ua)L;..i o) QL.G-’.I-:J -L\" OMUMMJDISJQFBNSV

Figure 5. Phylogenetic tree obtained from the alignment of nucleotide sequences of Faba bean necrotic stunt
virus (FBNSYV) isolates and other nanoviruses using MEGAS program and neighbor-joining method. Numbers
on the branches indicate bootstrap percentage. In Phylogenetic analysis of DNA-R and DNA-M, Banana bunchy
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number.
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