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ABSTRACT

Tomato (Lycopersicum esculentum Mill.) is one of the most important crops in Iran and throughout the world. In the
previous survey conducted in 2013, PVY was introduced as the dominant virus in Yazd (Iran). In the present study,
the partial genome sequence of a selected isolate called T5 was determined and analyzed. Following total RNA
extraction of the T5 isolates, three fragments with 824, 1700 and 837 bp lengths were amplified using CPr/CPf,
M4T/Sprimer and P1/P2 primer pairs respectively in RT-PCR. According to the nucleotide and amino acid sequences
comparison of the CP, NIb and P1 regions of the isolate with the other PVY isolates in the Genebank, T5 is a member
of NTN strain.
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Table 1. Oligonucleotide primers used for PVY detection in the RT-PCR tests

Primer Sequence Annealing Amplicon
Temp. size
Sprimer (Forward primer) 5-GGX AAY AAY AGY GGX CAZ CC-3’ 54°C 1700 bp
MAT (Reverse primer) 5-GTT TTC CCA GTC ACGAC (T)15-3°
P2 (Forward primer) 5-CTTCATCAAACAAACTCTTT-3 55°C 837 bp
P1 (Reverse primer) 5-TTCCAAAGTGTCCTTTGAG-3
CPf (Forward primer) 5- CATAAAGCTTGCAAATGACACAATCG -3 56°C 800 bp

CPr (Reverse primer) 5-CATAAAGATCTTCACATGTTCTTGACT -3
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Table 2. Sequences of selected PVY isolates from Genbank and their accession number

Isolate Accession number Origin Strain Host
HAM-KA HM36865/HM243477 Iran w Potato
KH-CH HM368663/HM?243484 Iran w Potato
KER-SO HM368662/HM?243483 Iran w Potato
AZATA.O.T HMB368651/HM243472 Iran w Tomato
AZA.TA.O HM368650/HM243471 Iran w Potato
FA.OG HM368653/HM?243474 Iran w Potato
KER-SA HM368661/HM?243481 Iran ) Potato
KER-KER HM368659/HM243475 Iran NTN Potato
KERJINTN  HM3686589/HM243480 Iran NTN Potato
KER.JI HM368657/HM?243482 Iran NTN Tomato
ESF-CH HM36852/HM243473 Iran NTN Potato
KER-LA HM368660/HM?243478 Iran NTN Potato
Boushehr EF455803 Iran C Egg plant
SYR-NB-16 AB270705 Syria NTN Potato
D6 AB331515 Japan NTN -
NIB-NTN AJ585342 Slovenia NTN Potato
12-94 AJ889866 Poland NTN Potato
34/01 AJ890342 Poland NTN Tobacco
Linda AJ890345 Germany NTN Tobacco
NZ AM268435 New Zealand  NTN Potato
TU660 AY 166866 Canada NTN
423-3 AY884982 USA NTN -
RRA-1 AY884984 USA NTN -
HN2 GQ200836 China NTN Potato
Thol M95491 Hungary NTN -
NJg AY 166867 Canada N -
Mont AY884983 USA N -
NE-11 DQ157180 USA N -
CH605 X997895 Swiss N -
Nnp AF237963 Italy C Pepper
Son41 AJ439544 France Cc Solanum nigrum
LYES84.2 AJ439545 Spain C Tomato
Adgen AJ890348 France C Potato
SASA 110 AJ585195 England O Potato
SCRI-O AJ585196 England (e} Potato
SASA 61 AJ585198 England (e} Potato
oz EF026074 USA o -
SASA 207 AJ584851 England w Potato
L56 AY745492 Canada w -
ID-1 DQ157178 USA w -
OR-1 DQ157179 USA w -
NC DQ309028 USA - Tobacco
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Figure 1. Symptoms of T5 isolate, systemic necrosis symptoms on potato leaves (right) and necrotic local lesion on
faba bean leaves (left)
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Figure 2. Electrophoresis pattern of PCR products of T5 isolate using: a) P1/P2; b) CPf/CPr, and c) Sprimer/M4T
primer pairs on 1% agarose gel (M1: O’ Gene Ruller'™, 1kb, Fermentase., M2: Gel pilot, 1 kb plus ladder, Qiagen, 1:
T5 isolate and 2: Negative control (Healthy plant)).
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Figure 3. Phylogenetic relationships between T5 isolate and the selected PVY sequences based on P1 nucleotide (left)
and amino acid (right) sequences. Bootstrap values are listed. Nodes with less than 50% bootstrap support have been
collapsed. Group classifications are given to the right of vertical bars. A Wheat streak mosaic virus isolate (accession
No. GU724847) was used as outgroup.

w8 Lote oS 55 w3 b LSS olyr o N
cle o 4 (Uruqui-Inchima et al., 2001) <.l
s N g NTN lalos o gailen iy
Seb s oy O glalas L saslen o S
Yo Jueey -N &l aw a4 cids efgp
5 (Sl dmslyinal YIA) (635 50 (03T smmlgi]
45 098 00 el ((2lesl 9352555 1) Jle 5-C
Ol 5 Ol e i Jlee 5N AL

Sl 0 Shae (paiz b ey Sy (Adgy (a9
9 Moy IS aougpg RIS g gex 50
Uruqui-) o,ls ids as b J&sl g wgpg 51,8
Sy sasles lie (Inchima et al, 2001
A lealaz 5 LTS dlazr CP &ml osstlSss
M arol sl Jlg soislen (e g 30,0 Voo b
JINTN gladlaz ;0 CP &ob el asys Voo ls



VY0 ol 9 5mb oF 8)Leds Y 5590 oyl ) (Si50alS idls Va7

ez & baliz CP iol sassilss Jis b
S 8 T5 Blan oSy 03,5 40 i e 09,5
pgd 095 ;0 NTN Lgw @ sl sloalas
05,5 ;> NA-NINTN o N &5 a4 3late sloalo
@ @bt glaaliz p)lez 095 )3 5 C digw pgu
JANTN gladlaz 15l oS Jled g W 5 O dy5m
JF Ak poead puy 2L S0 50l
9o odnline (G pradl (e b (Sdewlsiel
30 p90 9 Jol 09,5 g0 ol Sascblas cle 4 L
Wl plesl wa b3S p)lez g pow 09,5 5095 S
NTN N sloasge a4 Bl slacilaz Jol 095" 5
& Gl glaglaz o30 05,5 5 o NA-NINTN §

(B JS) ailazs S 1 EW 50 C (glady g

423-3
TS5
Thole

94 34/01
———  Linda

—1: NIB-NTN Group 1
68 SYR.NB.16.

HN2

Mont
99
ﬁE%%“
64 NZ

NE-11

Tu 660

RRA-1
SASA-61  |Group 2

67 NJg
ke D6

92
63

NC
{ Boushehr.nib
LYE84.2

SON41 Group 3

nnp

Adgen

96 SASA-110
oz
99 f——————————SCRIO

P { OR1 Group 4
ID-1

s———————— 16
SASA 207
wsmv

(oY oyl Lwl) DAG oo Lia> Jlg o a
als b Jas! gl HC-pro b as” o,ls 0525 (CpudS
&y azas,e «(Singh et al., 2008) sas oo STy
son S sbale dea 5 cwl (55,6 U
Dgds oo odline e U il Zosdae jo 4l
Ol Dy o oo (LA (7S g9 35 e &L
G9re ooany w3h @ asl oS>l 4l
Al GireS 50 01 3 G 4y 5 ool

(Uruqui-Inchima et al., 2001) s ,ls
9 sl @l S0 ey Gl Jae e
omiwdcb CE)L\) :\JLJ » LSM‘}MA—‘ 9 gsd-*-‘jil;}‘
s Tamura-Nei Jos o4 MEGAS b,

0 ey S50 40 .09 Jones-Talor-Thornton

12-94
34/01

4233

Thole

L 2H)

Linda
NIB-NTN
o SYRNB.I6.
NE-11

HN2

Group 1

Mont
CHB05N
NZ

Tu 660

NJg
SASA-61

RRA-1
D6
NC
50 Boushehr.nib
51 LYE84.2
7 SON41 Group 2

nnp

Adgen
SCRI-O

SASA-110
oz

{ OR1 Group3
D-1

156
{ SASA 207

wsmv

Lo (Cal)) sl sl JI5 5 (e2)gadslsss Jgs b » PVY laJlss 5 T5 &laz (s 215,15 slaala, F S
o0l Bix &5l o, 30+ 5l S Oyl g 4 slro,S LS 51yl Sgr sae el sl JS 58 Oyl g ol 5ee NID
Wheat streak mosaic virus (accession No. GU724847) &l G .Cowl o] Canly Cons ;0 aog 5 60k puanedls . Cns]

Gl ool a8, Lo o outgroup lsicay
Figure 4. Phylogenetic relationships between T5 isolate and the selected PVY sequences based on NIb nucleotide
(left) and amino acid (right) sequences. Bootstrap values are listed. Nodes with less than 50% bootstrap support have
been collapsed. Group classifications are given to the right of vertical bars. A Wheat streak mosaic virus isolate
(Accession No. GU724847) was used as outgroup.



Vay oy Sly g ng Bl SO (JsSTse Gla Sy (w2 i 0hSes § (cou ) e

ESF.CH

NIB-NTN

KERJI
12:94

{ 34/01

] Y

KER.KER

Group 1

KER.JI.NTN
Linda
———————®T5
KER.LA
s
- CHB05
83 NZ

Mont
NE-11

& & Group 2

’7 NJg
TUB60

91

RRA-1
D6
SASA61
KER.SA

— Adgen
LYE84.2 Group 3

83
NNp
93
SON41

NC
SASA110

o KH.CH

SCRI-O

87

Group 4

51 0z

{ AZA.TA.O

FA.OG
AZA.TA.O.T
KER.SO
HN2
SYR-NB-16
L56

ID-1
4'; -
51
SASA 207

WSMV

68

ESF.CH

Linda
NIB-NTN
4233
I: 1294
87 34/01
75
KERJINTN

KERLA Group 1
ssI:Tno\

KERJI
KERKER
o CHe05
53 NZ
Mont
NE-11
68 "
TU660

D6
E -
67 SASA6L

SYR-NB-16
SASA110
oz Group 2
f————————SCRI0
{ HAM.KA
KH.CH
HN2
D1
OR1
SASA 207
L56
AZATAO.T
FA.OG
AZA.TA.O
KER.SO
WsSMv

CP 4>l (el sl el JIg 5 () 5955055 4L » PVY (slaJlgs 3 TS Llax o (215)L5 slaakal, 0 JSC5
oads Bl 33)ls 2o )00+l S Gyl gy aS Slae S LS 1 Gl Dg sae el sl S 50 Gyl Sgr e
4, Wheat streak mosaic virus (accession No. GU724847) wlox < sl o] ol o 5o laog,5 (ga RO SR
el 0ol 428,85 La5 s outgroup yleie
Figure 5. Phylogenetic relationships between T5 isolate and the selected PVY sequences based on CP nucleotide
(left) and amino acid (right) sequences. Bootstrap values are listed. Nodes with less than 50% bootstrap support have

been collapsed. Group classifications are given to the right of vertical bars. A Wheat streak mosaic virus isolate.
(accession No. GU724847) was used as outgroup.

solasl s Sl L gl iz (tegh onl
a5 WAl ewyp PVY Glaaygn sains pseis
S5 4y azgi b iogy NTN s oy e Son
sblpas Gl egng ol adsilSs JIg
ety 9 0 Sk e o Gt (SKparsS
SRR ) digw oy )l edellansd S w0l
olS (59, 95 2Ll TS 6L L o S§ oyt
2 Mgl (e jr
PP syl 5 GasgtdSs Iy e
S5 b o] dslie 5 TS wlax P15 CP Nib

W ol Glas o5 SOl ead cusloy cleaslas

Gk 2 pe B I (S (S parsS
S 5 v 0590l a5 Sl Bl pl ahex Sl e jeiS
CuiS iy g 51 ol el Rl @) o
Sl 13 Gk ptie plie 3 (SO gaxsS
@ o olel phe Y garme 5l (S (S BaxsS
WWAY o o ond plol iaghy 5o ylee jled
3 o9y ool sST, (Mirrahimi et al., 2015)
o, YoIf 85 liw i 5l oains,910,5 (sladiges
RT-PCR sloggejl b (wang ol jolm s s
i Cb PVY olans] cla 55T 5l oslicnl L



VY0 ol 9 5mb oF 8)Leds Y 5590 oyl ) (Si50alS idls VaA

=l den v azg b oplpls il o W g N NTN NTN slalax luos NIb Jlg5 L 51 TS &loe

30lgils @y Blate oy 9550 T5 Llax codnliamsd sl Gluas CP Al Jlg 51wl N g
el NTN &5 PVY > g0 105 S0 sl s P1 &b Jlg b 5l g NTN

REFERENCES

1. Anonymous. (2014). Agricultural statistics, Ministry of Agriculture Jihad, 169p, from

2.
3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

http://www.maj.ir/. (in Farsi)

Barret, A. J. (1986). An introduction to the proteinases; in Proteinase inhibitors, New York, Elsevier.
Chen, J. & Adams, M. J. (2001). A universal PCR primer to detect members of the Potyviridae and
its use to examine the taxonomic status of several members of the family. Archives of Virology, 146,
757-766.

Clark, M. F. & Adams, A. M. (1977). Characteristics of the microplate method of enzyme-linked
Immunosorbent assay for the detection of plant viruses. Journal of General Virology, 34, 475-483.
Chung, B. Y. W., Miller, W. A., Atkins, J. F. & Firth, A. E. (2008). An overlapping essential gene in
the Potyviridae. Proceedings of the National Academy of Sciences, 105, 5897-5902.

Danci, O., Ziegler, A., Torrance, L., Gasemi, S. & Danci, M. (2009). Potyviridae family-short
review. Journal of Horticulture, Forestry and Biotechnology, 13, 410-420.

De Bokx, J. & Huttinga, H. (1981). Potato virus Y. CMI/AAB Descriptions of Plant Viruses. N. 242.
Domier, L. L., Franklin, K. M., Shahabuddin, M., Hellmann, G. M., Overmeyer, J. H., Hiremath, S.
T., Siaw, M. F., Lomonossoff, G. P., Shaw, J. G. & Rhoads, R. E. (1986). The nucleotide sequence of
Tobacco vein mottling virus RNA. Nucleic Acids Research, 14, 5417-5430.

Folwarczna, J., Plchova, H., Moravec, T., Hoffmeisterova, H., Dedic, N. & Cerovska, N. (2008).
Production of polyclonal antibodies to a recombinant coat protein of Potato virus Y. Folia
Microbiologica, 53 (5), 438-442.

Hema, M., Sreenivasulu, P. and Savithri, H. (2002). Taxonomic position of Sugarcane streak mosaic
virus in the family Potyviridae. Archives of Virology, 147, 1997-2007.

Hosseini, A., Massumi, J., Heydarnejad, J., Hosseinipour, A. & varsani, A. (2010). Characterisation
of Potato virus Y isolates from Iran.Virus Genes, 42, 128-140.

Jafari, M., Valizadeh, M., Valizadeh, G., Artyay, F. & Bigami, M. (2010). Detection of important
viruses insecting cucurbits and tomato in fields and greenhouses of baluchstan. In: Proceeding of
19th Iranian plant protection congress, 1-3 Aug, iranian Research Institute of Plant Protection,
Tehran, Iran, pp. 669. (in Farsi)

Jones, R., Kumar, S. & Mackie, A. (2003). Potato virus Y. Western Australia Department of
Agriculture, 1443-7783.

Khakvar, R., Pourahim, R. & Shamsbakhsh, M. (2000). Occurrence of C strain potato virus Y in
Khuzestan province. In: Proceeding of 14th Iranian plant protection congress, 5-8 Sep., Isfahan
University of Technology, Isfahan, Iran ,pp. 108-109. (in Farsi)

Koonin, E. V. & Dolja, V. V. (1993). Evolution and taxonomy of positive- strand RNA viruses:
Implications of comparative analysis of amino acid sequences. Critical Reviews in Biochemical and
Molecular Biology, 28, 375-430.

Maghsoudi, R., Jafarpour, B. & Falahaty, M. (2004). Occurrence of N strain potato virus Y in
Khorasan province and O strain Potato Virus Y in Khorasan and Gilan and Mazandaran Provinces.
In: Proceeding of 19" Iranian Plant Protection Congress. 28-30 Aug., Tabriz University, Tabriz,
Iran, pp. 223-224. (in Farsi)

Masoumi, H., Heidarnejad, G. & Hosseinipoor, A. (2008). Evaluation of tomato varieties to natural
infection with farms and greenhouses viruses in central and south east area in Iran. Quarterly of
Agricultural Sciences and Natural Resources, 16(1), 467-473. (in Farsi)

Mirrahimi, S. R., Hosseini, S., Hosseini, A., Esmailzadeh Hosseini, S. A. & Mohammadi, E. (2015).
Occurrence and distribution of mosaic inducing viruses and detection of pvy strains from tomato
fields and greenhouses of yazd. Journal of Plant Protection, 29(1), 154-158. (in Farsi)

Missiou, A., Kalantidis, K., Boutla, A., Tzortzakaki, S., Tabler, M. & Tsagris, M. (2004). Generation
of transgenic potato plants highly resistant to Potato virus Y (PVY) through RNA silencing.
Molecular Breeding, 14, 185-197.

Shukla, D. D., Ward, C. W. & Brunt, A. A. (1994). The Potyviridae. Cab International.

Singh, R. P., Valkonen, J. P., Gary, S. M., Boonham, N., Jones, R. A., Kerlan, C. & Schubert, J.
(2008). Discussion paper: The naming of Potato virus Y strain infecting potato. Archives of Virology,
153, 1-13.



Vaa oy Sly g ng Bl SO (JsSTse Gla Sy (w2 i 0hSes § (cou ) e

22. Toosi, N., Ahunmanesh, A., Purrahim, R. & Bahar, M. (2004). Identification C and V Strains of
Potato Virus Y using RT-PCR and RFLP. In: proceeding of 14th Iranian Plant Protection Congress.
28-30 Aug., Tabriz University, Tabriz, Iran, pp. 224-225. (in Farsi)

23. Urcuqui-Inchima, S., Haenni, A. L. & Bernardi, F. (2001). Potyvirus proteins: a wealth of functions.
Virus Research, 74, 157.

24, Visser, J. C. & Bellstedt, D. U. (2009). An assessment of molecular variability and recombination
patterns in South African isolates of Potato virus Y. Archives of Virology, 154, 1891-1900.



