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ABSTRACT

Bean yellow mosaic virus (BYMV) is one of the most important members of the genus Potyvirus that is distributed
worldwide. In the present study, the complete genome sequence and molecular characteristics of a BYMYV sunflower
isolate (BYSun) from Iran has been reported. The complete nucleotide sequence of BYSun was determined using
degenerate and specific primers and 5°-RACE. The viral genome comprises 9547 nucleotides, excluding a 3 -terminal
poly (A) sequence. The genome of BYSun has a 206 nt 5"-non coding and a 171 nt 3"-non coding region. The RNA
encodes a single polyprotein of 3056 amino acid residues and has a deduced genome organization typical for the
members of the genus Potyvirus and nine cleavage sites of the polyprotein were predicted. The small overlapping
ORF (PIPO) in the P3 gene was also deduced. When analyzed using the RDP4 program, at least one recombination
breakpoint was identified in BYSun genome. BYSun along with 23 full-length sequences of BYMYV isolates from
Genbank were subjected to phylogenetic analysis that showed the highest nucleotide and amino acid sequence
identity with Australian isolate of BYMV-S isolated from Broad bean. Phylogenetic analysis of different BYMV
isolates sequences revealed existence of six to eight phylogenetic groupings depending on parts of investigated
genome. BYSun and BYMV-S grouped apart from other isolates and were placed within a distinct group, currently
designated ““S”. This is the first report of a full-length sequence of a BYMYV isolate from Iran.

Keywords: Bean yellow mosaic virus, full length genome sequence, sunflower, phylogeny.

* Corresponding author E-mail: hosseini@vru.ac.ir



Lagd 2,5 Sdlige oy Ol Sl iz 5l 5 Jslse slaShs 0K 5 5015 vy

JE X NPT PAPNERYS SR - Yy
oy ol ol ot Glie Liie (ol
Slakad Bol g 5l eolaiwl b gawey,S (g, lubb 5l las
S sl pan By b a5 adly segi adl
[(Parrella and Lanave, 2009) 545 o0 (555,59 o
play ol 3l colaiwl piddme S Jdoiyen A
@ ojled albe (Rl b oolyen 1) pgiy Jobo
St Olgee bl G BSL Gl 4 laog S
peis ol Bl 5 ax )31 .(Kehoe et al., 2014) oS o
odls )13 5 Sk 0 9 el BYMV wilao (i
Silolz Jod8 b5 Ml ) el ST el ous
sl ol 5l SWl by Sl il wleas
Sewd 53 gl 505 5l many orl sleal
REIg
el L (2013) Rabiee L sl sl
o3l g 150 ouniSoogll Jazot (slo o s 52
b Ol S lsea 1) olS cnl lnl 0
el 5l Gas 0gei (Bye BYMV 6l w0
SlaieSyn g pes JolS Bol5 (s pol> Gadow
4 BYMV dle hog cad S, Jlool
2 g Oledol liwl ol ST g )lre 5l el s
o555 Jsb ples ol s ol 5 a5 ol
3 d9zge slaala plo b o awlie 5 (wony
prie il Gl (SeegisnST ol (5 SSL

B9y 9 3lge

GLRlS byl 50 (g g iS5
ooong BYSUN alax 5l eyl el Gl
bb o Ry OgeaSIS )3 9250 gl 0,5 Sl
ORI g)lhe 5l aS plmind; pas Jg oKl
Gl oy Ly WYY Lo 4o el ol
Wgnd 0 ool g o0d Syl ojloalls
ey Sland 3L 50 Ve a4 SO Cus 4 osdll
Slr s ol ilupSen Cde abul b Yge /00
Lylys o oogdl ol ojlac i eslel Sl
oogemdes 40 Yo B YD gloo b canlin slailzlS
5 ol Sl cladisy g5, el 18 Ly, oye0 b

4o
Bean yellow mosaic virus, ) Lug o,5 Silj00 wg 9
o g ovaSn o= 4 gk BYMV
&l wgpg ol (Chuetal, 1999) ol oy 39 59
B 9 Fogl YO Job b pdyies (slaks oSy
So ey LS mang Gl aBlee Sl VO-NY
Sgax ojlail 4y Cude (Y ST gl o) Ll g send
S o g ng S ple wile ol agilSei Ve e
Viral protein ) eei5 4 aiwsly cwgpg gy
ool b alss 0 sll o (genome-linked, VPg
g o VPG Lols )15 agis ¥ sleil o (poly A)
bags o5 Canl Gugny poi & Jeaie SzsS L
YO Jsbay uidlish Sl 090 oS g
L3 gy 5l aes ol pgis Y slel o 5k e
S sl sl o L1 lasl o Jlgs iz aST W ls
peis el oal glols 30 dalg Sy san
oS ool ORF) il sz lez s slls BYMV

@ eBgp sk (nl S oo G0 ey |y e n b ST
P1, HC-Pro, P3, 6K1, CI, 6K2, Nla, ) :yuigy oo

s azeieo 3 Slas sl)ls (VPg, NIb and CP
(Adams et al., 2005) 4.5 o
slp SUTR 5 CP) gy by (>l )
Gl glagw el 5 2l Lkl o)
Wylie et .(Guyat, 1996) el ool salazl BYMV
g bl 5 Sasjekd Lailg, o)y L (2008) al.
Broad bean ¢4,5 cuae 51, BYMV slaala> CP
4,8 W 4 Pea .Monocot .Lupin General Canna
Bble L gl als L (gaueg,d ol Laisls
» ol pla glpy VPG g, 5l @l 2008
oobal ol il enus § solainl g5eld Slalllas
b 2l 4 5o n (ol 990 45 Nad i V
Al o Sles b gy plo L bls)l o
Sl ool BB l5)L5 Laly, (uans sl g 0db 0
.(Parrella and Lanave, 2009)
o) (Seiokd S8 il 6l 550929 L
°)"5‘L’) f’?") alise LSLQ“""”“"S 8 A_Bblj.v u.ul.....a‘ 5 )



Yy VYA Gl 9 5mb oV 8)led B0 5,90 oyl (Si5palS idls

5l S 9 VA 51 iy eSe w0 ol o) ) s
028,55 ooliczusl 50 CDNA 52t gl e Y/)
40 g al>,e 90 ;0 CDNA & ol o [T Lo

Jol >y )3 ol plowil g ySe Ve oled x>

Reverse ) ,;JgSe g0 ol ;JgSe Ve
dNTPs ) ;Jg,S0e S dranscriptase buffer (10X
10) a8, 55T 1y See Sy (10 mmol/ulit
030 5 Gl ol STl s See mh g (pmol/ul
PO loo o 4880 miy Doedy g Ay, gl ,Sos
B ooals J13 ISGluge,s olfiws ;o wgmadiw az 0
sy & alolidly 5 anSa o] asl sl sl
FloSae o ped alepe oS Jis
o 3 MUMLV Reverse transcriptase (RT)q. ;!
s «3lsl RNase inhibitor (40 U/ul) s S
azyo TV Glos jo cele SO Soedy laogadg S
Jol 7y S VO old x> 50 5lpe s lo e
Master mix s, Soe VY ol jidg S b
SphaS e 5l g See S d(olnl (ilng <5 40
z= 9 (10 pmol/pl) a8, 4 oé, o35kl
28,5 oLl CDNA 15 S,

it 3 lyasly sloyeasss ST plosl sy
Ha Lsgi ol (b bass s in (soges ;5561
5 (HPfor/Hprev 4 Clfor/Clrev) (2008) et al.
55l oo 4 (Oligodt/Sprimer) (2001) Chen et al.
Ol oolawl 9 u..‘ O 0 u>_>‘).]o 6.4[»42:}‘
L pois oniladly (g polaisl gl S5k (~Lib
Vector NTI Advance™  l5éls 5 5l oolaiul
s, 55kl Slasin 28,5 el 11(Invitrogen)
£S5 Gy ool ST ilalad oKl g colaiwl )50
Sl ol ools Las Y Jgaz jo

MWL o5 Silise ooy peis B Sl 5SS
el gly b plail 5-RACE g, 5l ooliczasl L
5 ol 6l ) T sidg e Vo CDNA gl 4z,
BYSUNBrev ,55lel ;g Ko S5 b (s (g
00 akds Ve Sy boloue ad oS 5 () Jgu2)
& oy 4 aloldly 5 285 18 grads a0 V-

b5 psailyenlS o5 LS a5 (Sogll sl s )le
baig w0 Sl (Sole &jgods wivg ol
s 4 wsd)S B il 9)0e plae jsba
WL sladsyy )3 wany Hea> 9 225 5l Gleebl
e sl 5 (Siabe 5l ol o dgu> oyl
s DAS-ELISA o5l 5l () US5) Sdlem
(AS-0471) BYMV lalean wiz  (sob il
Clark & 59, b ldI DSMZ avwie 5l saisarys

A eslawl (1977) Adams

‘

Gl o, ST o ids Saljee adle ) S
)@l) oltf )é xSaabyo 9 (w‘)) ‘SL:.JG ‘5?05]]
BYSuUN aylax L () ouds Gl

Figure 1. Mild mosaic symptom in naturally infected
sunflower plant (right) and mosaic symptom in faba
bean plant (left) mechanically inoculated with BYSun
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Table 1. Amplicon size and position on BYSun genome and properties of specific and degenerate primers used in this study
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Table 2. BYMV isolates retrieved from Genbank and used in this study

Isolate Acc. No. Origin Host

Fr FJ492961 S. Korea Freesia sp.

PN83A HG970860 Australia Lupinus angustifolius
MD1 HG970847 Australia Lupinus cosentinii
GB42C HG970853 Awustralia Lupinus angustifolius
SW3.2 JX156423 Awustralia Diuris sp.

NG1 HG970869 Awustralia Lupinus angustifolius
KP2 JX173278 Australia Diuris magnifica
ES55C HG970858 Australia Lupinus angustifolius
MB4 D83749 Japan Gladiolus hybrida
Gl AB439730 Japan Gladiolus sp.

Gla AB439729 Japan Gladiolus sp.

LP HG970866 Awustralia Lupinus pilosus
LPexFB HG970868 Awustralia Vicia faba

MD5 HG970848 Awustralia Lupinus angustifolius
BYMV-S U47033 Awustralia Vicia faba

GDD AY192568 USA Gladiolus hybrida
IbG AB079887 Japan Gladiolus sp.

FBI-1 EU082116 Australia Vicia faba

MB4 D83749 Japan Gladiolus hybrida
90-2 AB439731 Japan Vicia faba

W DQ641248 USA Lupinus albus

CS AB373203 Japan Pisum sativum
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FigURE 2. Overlapping amplicons to obtain full-length genome of BYSun isolate prepared using Vector NTI
Advance (Invitrogen)
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Table 3. Amino acid sequences around restriction sites of BYSun polyprotein. Six amino acids before (Al to A6) and
two amino acids after (Al to A2) of restriction sites are represented
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FigURE 3. The predicted organization of BYSun polyprotein
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Table 4. Properties of protein domain of BYSun polyprotein based on Pfam databank

Domain name Domain properties Position on genome
Peptidas-S30 Potyvirus P1 protease 40 - 283
Peptidas-C6 Helper component proteinase 302 -741
Potyvirid-p3 Protein P3 of Potyviral polyprotein 756 — 1193
DEAD DEAD/DEAH box helicase 1206 — 1356
Helicase-C Helicase conserved C-terminal domain 1371 - 1502
Poty PP Potyviridae polyprotein 1527 — 1800
Peptidas-C4 Peptidase family C4 2020 — 2253
RDRP-1 RNA dependent RNA polymerase 2283 — 2750
Poty-coat Potyvirus coat protein 2822 — 3055
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Table 5. Percentage of similarity of nucleotide (nt) and amino acid (aa) sequences of different parts of BYSun genome compared to
corresponding parts in selected BYMV isolates

5 UTR P1 HC-Pro P3 6K1 6K2 VPg Nla Nlb CcpP 3 UTR

nt nt aa nt aa nt aa nt aa nt aa nt aa nt aa nt aa nt aa nt aa nt
AB079887 94 93 9 83 91 92 9 9 98 88 96 90 94 81 87 8 98 84 93 92 93 95
AB439729 95 95 93 95 98 92 91 90 100 89 97 90 94 81 8 8 98 8 93 8 92 95
AB439730 60 74 70 8 93 92 93 89 98 89 97 89 92 81 87 8 98 8 93 84 92 95
D83749 69 74 70 8 92 93 92 90 100 89 96 91 94 81 8 88 98 8 93 8 92 95
AY192568 70 74 70 8 93 92 91 87 94 8 97 89 90 80 84 8 9% 8 93 83 92 93
AB373203 59 60 57 76 8 72 90 8 98 78 93 80 9 76 82 79 89 77 90 82 89 91
DQ641248 53 68 62 8 8 74 9 79 94 78 92 84 90 75 83 8 97 79 9 8 93 95
AB439731 48 70 69 8 92 8 9 84 92 81 94 83 94 80 89 8 97 8 92 8 96 97
HG970867 49 69 69 80 92 79 90 8 92 81 94 83 9% 80 9 8 98 81 92 87 98 95
HG970866 81 82 81 8 97 8 9 79 96 80 94 80 98 8 94 91 99 87 96 91 96 96
HG970868 7 82 81 88 97 8 9 79 9 80 94 80 98 8 95 91 100 87 96 90 95 94
U47033 96 97 96 98 100 99 100 98 100 98 100 100 100 98 100 98 100 99 99 97 98 97
HG970848 - 73 70 8 94 8 9 90 100 86 96 81 98 8 95 91 99 87 96 90 93 96
FJ492961 68 73 71 80 92 8 9 8 100 87 96 80 92 81 8 86 97 8 92 8 92 94
HG970860 64 73 71 8 91 8 92 9 100 87 97 80 92 81 87 8 98 8 93 8 91 95
HG970847 61 73 69 8 91 8 91 8 9% 8 97 84 98 8 8 8 98 82 93 84 92 -
HG970853 66 73 70 80 91 8 92 8 9% 8 97 84 98 8 8 86 98 8 93 8 91 -
HG970858 65 73 70 80 91 8 93 90 98 88 97 84 98 8 97 94 100 8 95 84 91 94
JX156423 63 73 71 8 92 8 92 8 98 8 97 84 98 87 96 94 100 8 95 84 92 95
KF632713 64 73 70 8 91 8 93 90 100 88 98 84 98 87 95 94 99 8 95 8 92
HG970869 63 72 68 8 91 8 91 90 98 88 97 81 94 83 88 8 98 82 93 84 92 95
JX173278 64 72 70 80 91 83 92 8 92 8 97 84 98 83 87 88 98 82 93 84 92 95
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Figure 4. Secondary structure predictions of 3"-UTR sequences of BYSun
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Table 6. Recombination events in complete genomes
of BYSun

Detection No. of recombination

Method events found P-Value bl
RDP 1 4.43x107
3Seq 1 8.76x1-7
BootScan 1 6.73x10%
MaxChi 1 3.098x10%° aels s
Chimaera 1 8.308x10°
SiScan 1 1.529x1-¢
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Figure 5. Recombination patterns between BYSun and other BYMYV isolates
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Table 7. Similarity percentage of full-length genome (nucleotides, upper the diagonal line) and polyprotein (amino
acids, lower the diagonal line) sequences of BY Sun and comparing to selected BYMYV isolates

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
1 ABO079887/IbG * 94 92 92 92 75 78 8 8L 8 8 8 8 8 8 8 8 87 87 87 87 87 87
2 AB439729/Gla 94 * 93 93 93 76 78 8 80 8 90 84 8 8 8 8 8 8 8 8 8 8 86
3 AB439730/G1 94 94 * 97 97 76 79 8 8l 8 8 8 8 8 8 8 8 8 8 8 8 87 87
4 AY192568/GDD 94 94 98 * 9 76 78 8 8 8 8 8 8 8 87 8 8 87 8 87 8 87 87
5 D83749/MB4 8 95 98 97 * 76 78 8 8l 8 8 8 8 8 8 8 8 8 8 8 8 8 87
6 AB373203/CS 87 85 8 8 8 * 76 76 76 75 76 76 76 77 76 77 77 716 16 76 716 716 76
7 DQ641248/W 9 8 88 8 8 8 * 79 79 78 78 78 78 8 79 79 79 79 8 79 79 79 80
8 AB439731/90-2 90 89 90 9 9 8 8 * 98 8 8 8 8 8 8 8 8 8 8 8 8 8 8
9 HG970867/FB 93 89 91 90 9 8 8 98 * 8 8 8 8 8 8 8 8 8 8 8 8 8 8
10 BYSUN 93 94 92 92 91 8 8 90 91 * 938 8 8 85 84 84 8 8 8 8 8 8 83
11 U47033/S 92 94 92 91 91 85 87 90 9 99 * 8 85 8 84 84 84 82 8 82 8 83 83
12 HG970866/LP 92 92 91 91 91 85 8 91 91 94 94 * 100 91 83 8 83 81 8 81 8 81 82
13 HG970868/LPexFB 92 92 91 91 91 8 8 91 91 94 94 100 * 91 83 8 83 8 81 8 81 81 81
14 HG970848/MD5 93 92 92 92 92 8 8 91 92 93 93 95 95 * 91 91 92 90 90 90 90 90 90
15 HG970858/ES55C 93 92 93 93 93 8 8 91 91 92 92 92 92 96 * 99 99 94 94 94 94 94 95
16 KF632713/ SW9 93 92 94 93 93 8 88 91 91 92 93 92 92 97 99 * 99 94 94 94 95 94 95
17 JX156423/SW3.2 92 92 93 93 93 8 8 91 91 92 92 92 92 96 99 99 * 94 94 94 95 94 95
18 FJ492961/Fr 92 92 93 92 92 85 8 90 91 91 91 91 91 94 96 9% 96 * 98 97 97 97 97
19 HG970860/PN83A 92 92 93 93 93 8 8 91 91 92 92 91 91 96 97 97 97 97 * 98 98 97 97
20 HG970847/MD1 92 92 93 93 93 8 8 91 91 91 91 91 91 95 97 97 96 97 98 * 100 97 97
21 HGO70853/GB42C 92 92 93 93 93 8 88 91 91 91 91 91 91 95 97 97 96 97 98 100 * 98 98
22 HG970869/NG1 92 92 93 93 93 8 8 91 91 91 91 91 91 9 97 97 97 97 98 98 98 * 98
23 JX173278/KP2 92 92 93 92 93 8 8 91 91 91 91 91 91 95 97 97 96 97 97 97 97 98 *
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Figure 6. Phylogenetic trees constructed using the maximum-likelihood method using complete nucleotide (right) and
polyprotein amino acid (left) sequences of BYSun genome. PV is considered as outgroup sequence.
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