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Phylogeny, genetic diversity and population structure of Faba bean
necrotic yellows virus based on the nucleotide sequence of DNA-M

M. Mansourpour', A. Dizadji", and A. Abbasi?

(Received: 20.3.2019; Accepted: 30.9.2019)

Abstract

Faba bean necrotic yellows virus (FBNYV) causes severe yield losses and crop failure in legumes in the
north African, south Asian and European countries. Following nucleotide sequencing of DNA-M segment of
17 host and geographical FBNY'V isolates in Iran, different molecular analysis were performed based on all
available DNA-M sequences of FBNY V. Based on constructed phylogenetic tree using nucleotide sequence
of DNA-M component, FBNYV isolates were grouped into three clades, including isolates from Iran and
Azerbaijan as a distinct clade. Genetic distance studies of FBNYV host subpopulations revealed some
evidences of host adaptation in FBNYV natural selection. High gene flow was found among Iran —
Azerbaijan and Spain — Africa subpopulations, indicating the relationship of their origins. Maximum genetic
diversity of DNA-M was estimated in the central subpopulation of Iran. The dN/dS (GD) value less than 1
represented the negative selection pressure on the movement protein of the virus. Seven out of nine
recombination events were detected in DNA-M of Iranian FBNYV isolates. This is the first report of the
FBNYV infection on pea from Iran. In the current study, the complete DNA-M nucleotide sequences of
French bean and pea isolates of FBNYV were determined for the first time in the world.
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Table 1: The number of collected samples and FBNYV isolates used in this study for complete DNA-M
amplification concerning host plants and locations

Location Host plant No of infected/collected samples
Mazandaran Faba bean 1/37
Isfahan Faba bean 2/54
Golestan Faba bean 4/72
Isfahan Chickpea 0/30
Mazandaran Chickpea 3/35
Lorestan Chickpea 0/34
Kermanshah Chickpea 0/76
Western Azerbaijan Chickpea 0/23
Qazvin Chickpea 0/16
Qazvin Lentil 2/36
Markazi Common/French Bean 0/59
Alborz French Bean 1/65
Alborz Pea 1/11
Golestan Pea 3/9
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Fig 1: Amplification of FBNYV-DNA-M of various
hosts with specific primers MP (F,R). Lanel, 1kb
DNA-ladder (Fermentas); Lanes 2-9, FBNYYV isolates
originated from Chickpea, faba bean, pea, french
bean and lentil; Lane 10, Negative control (healthy
Faba bean).
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Table 2: Characteristics of FBNYYV isolates used in this study.

V=AY YA Dl / Y osled /00 W/ LS slagslew

Isolate Sampling location Host plant DNA-M size (bp) Accession Number
IR:Goll:Pea:17 Iran-Golestan Pea 991 MK560481
IR:Gol6:Pea:17 Iran-Golestan Pea 991 MK560482
IR:Gol9:Pea:17 Iran-Golestan Pea 993 MK560483
IR:Albl:Pea:17 Iran-Alborz Pea 993 MK560484
IR:Alb28:Bean:17 Iran-Alborz French Bean 991 MK560485
IR:Maz1:Chi:17 Iran-Mazandaran Chickpea 992 MK560486
IR:Maz11:Chi:17 Iran-Mazandaran Chickpea 993 MKS560487
IR:Maz14:Chi:17 Iran-Mazandaran Chickpea 996 MK560488
IR:Qaz133:Len:16 Iran-Qazvin Lentil 992 MK560489
IR:Qaz23:Len:16 Iran-Qazvin Lentil 992 MK560490
IR:Kal40:Fab:16 Iran-Isfahan Faba bean 994 MK560491
IR:Kal42:Fab:16 Iran-Isfahan Faba bean 993 MK560492
IR:Gol33:Fab:17 Iran-Golestan Faba bean 993 MK560493
IR:Gol30:Fab:17 Iran-Golestan Faba bean 996 MK560494
IR:Gol90:Fab:17 Iran-Golestan Faba bean 994 MK560495
IR:Gol8:Fab:16 Iran-Golestan Faba bean 993 MK560496
IR:Maz18:Fab:17 Iran-Mazandaran Faba bean 987 MK560497
IR-Ker-21 Iran-Kermanshah Chickpea 993 MG827064.1
IR-Lor-1 Iran-Lorestan Chickpea 993 MG827048.1
IR-Lor-28 Iran-Lorestan Chickpea 993 MG827056.1
IR:Raz:88:Chi:16 Iran-North Khorasan Chickpea 994 MH113433.1
IR:Raz:77:Len:16 Iran-North Khorasan Lentil 994 MH113441.1
IR:Rab:14A1:Len:16 Iran-Kerman Lentil 994 MH113449.1
Lahic-12 Azerbaijan Faba bean 993 KC979003.1
Lahic 13.5 Azerbaijan Faba bean 993 KC979012.1
Lahic 13.5DNA-M* Azerbaijan Faba bean 994 KC979018.1
Mu-R7 Spain Faba bean 996 KC979038.1
Mu-R4 Spain Faba bean 989 KC979030.1
Mu-29D Spain Faba bean 996 KC979022.1
Mor23 Morocco Faba bean 989 GQ274027.1
TuFO01 Tunisia Faba bean 992 KX431393.1
TuF9 Tunisia Faba bean 996 KX431399.1
TuF4 Tunisia Faba bean 989 KX431398.1
TuF12 Tunisia Faba bean 996 KX431397.1
TuF10 Tunisia Faba bean 996 KX431396.1
Ev1-93 Egypt Faba bean 992 AJ132182.1
Syrian Syria Faba bean 992 NC003562.1
Sy4 Syria Faba bean 990 KX431395.1
Sy36 Syria Faba bean 990 KX431394.1
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Fig 2: The observed Symptoms in different host plants infected by FBNYYV including: Chickpea (A), Faba bean

(B), Pea (C), Lentil (D) and French bean (E).
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Fig 3: Identity matrix showing nucleotide sequence identities between Iranian and other isolates of FBNYV-
DNA-M and MDYV (as outgroup in phylogenetic tree) using SDT. Blue and red represent minimum and

maximum identities, repectively.
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Fig 4: Phylogenetic tree based on DNA-M nucleotide sequence of FBNYYV isolates using MEGA 6.0 software,

Maximum likelihood method with 1000 bootstrapping.

DNA-M sequence of Milk vetch dwarf virus isolate has

been used as out group. The isolates of this study have been indicated by A.
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Table 3: Genetic distances within and between host subpopulations of FBNYYV based on DNA-M

Subpopulation Faba bean Pea Chickpea Lentil
Faba bean 0.054+0.006

Pea 0.135+0.011 0.115+0.009

Chickpea 0.112+0.009 0.140+0.011 0.098+0.007

Lentil 0.055+0.005 0.139+0.011 0.114+0.009 0.065+0.007

M 055 aslad ulal s FBNYV oLl o slacones 25 m 5 0903 (S5 abol i d g
Table 4: Genetic distances within and between geographical subpopulations of FBNYYV based on DNA-M

Subpopulation North of Iran Center of Iran West of Iran  East of Iran Spain

Azerbaijan Africa Syria

0.146+0.010 0.135+0.013 0.103+0.010 0.013+0.003
0.097+£0.007 0.108+£0.011 0.061+£0.006 0.104+0.011 0.048+0.006
0.158+0.012 0.126+0.010 0.051+0.004 0.128+0.010 0.086+0.007

North of Iran ~ 0.109+0.008

Center of Iran  0.113+£0.008  0.137+0.011

West of Tran 0.121£0.010  0.115+0.009  0.021+0.004

East of Iran 0.093+0.007 0.110+0.008 0.102+0.011 0.043+0.006
Spain 0.134+0.010

Azerbaijan 0.080+0.006

Africa 0.156+£0.010 0.169+0.011

Syria 0.235+0.018

0.245+0.018  0.230+0.020 0.201+0.018 0.194+0.017 0.210+0.018 0.178+0.014 0.036+0.005
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Table 5: Population genetic parameters estimated for geographical subpopulations of FBNYV based on DNA-M.
N: number of isolates, m (Pi): Nucleotide diversity, the average number of nucleotide differences in total analyzed
sites. S: number of segregating sites. ©W: Mutation rate estimated from segregating sites. dS: The average
number of pairwise differences per synonymous sites. dN: The average number of pairwise differences per non-
synonymous sites. ENC: effective number of codons.

Subpopulation N 7 (P1) S ow dS(Pis) dN(Pia) ?g;;ls ENC %
North of Iran 11 0.093 228 0.079+0.005 0.204 0.044 0.21 41.111
Center of Iran 6 0.111 219 0.097+0.006 0.243 0.056 0.23 41.970
West of Iran 3 0.019 29 0.019+0.003 0.061 0.014 0.22 38.981
East of Iran 3 0.041 62 0.041+0.005 0.103 0.011 0.10 38.645
Azerbaijan 3 0.044 66 0.044+0.005 0.099 0.015 0.15 37.246
Spain 3 0.012 18 0.012+0.002 0.016 0.002 0.12 36.022
Africa 7 0.070 214 0.089+0.006 0.131 0.026 0.19 37.869
Syria 3 0.033 49 0.033+0.004 0.034 0.005 0.14 42.054
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Table 6. Fgy values for pairs of FBNYYV geographical subpopulations based on DNA-M nucleotide sequence

Subpopulation Africa Syria  Spain  Azerbaijan East of Iran West of Iran Center of Iran
Syria 0.69

Spain 0.07 0.92

Azerbaijan 0.48 0.81 0.70

East of Iran 0.49 0.82 0.72 0.22

West of Iran 0.63 0.87 0.83 0.61 0.64

Center of Iran 0.31 0.62 0.47 0.04 0.22 0.33

North of Iran 0.36 0.67 0.53 -0.003 0.19 0.42 -0.081
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P value 3SEQ T SISCAN S .CHIMERA :C MACHI :M BOOTSCAB B .GENECONV :G RDP R .i_lei_s
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Table 7. Recombination events detected in DNA-M of FBNYYV isolates. The recombination detection methods that
detected the illustrated recombination events are indicated by a single letter: R, RDP; G, GENECONV; B,
BOOTSCAN; M, MACHI; C, CHIMAERA,; S, SISCAN; T, 3SEQ. The P value listed is for the method yielding the
greatest support for occurrence of recombination indicated in bold italic type in the detection methods.

. Recombination Potential major Potential minor Detection
Event  Recombinant ; P value
region parent parent method

1 IR:Maz14:Chi:17 155-460 IR:Raz:88:Chi:16 IR:Alb28:Bean:17 RBGMCST  1.154x107?
2 IR:Goll:Pea:17 106-442 IR:Maz11:Chi:17 IR:Qaz23:Len:16 RGBMCST  7.550x107!
3 IR-Lor-1 1-362, 843-993 Lahic13.5-DNAM* IR:Alb28:Bean:17 RGMCS 5.778x10°13
4 IR-Lor-28 1-428,843-993 Lahic13.5-DNAM*  IR:Alb28:Bean:17  RGMCS 5.396x107"2
5 IR-Ker-21 219-496 Lahic13.5 Unknown RGMCST 1.576x10*
6 Ev1-93(Egypt) 860-992 Sy36(Syria) Unknown RGBMCT 5.773x1073
7 IR:Gol9:Pea:17 1-453, 963-993 IR:Maz1:Chi:17 IR:Kal40:Faba:16 GMCS 8.988x107!!
8 Ev1-93(Egypt) 62-224 Sy36(Syria) TuF4(Tunisia) RGMCT 2.467x10°
9 IR:Rab:14A1:Len:16 1-223, 818-994 IR:Raz:77:Len:16 IR:Maz11:Chi:17 RBMCST 3.379x107
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