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ABSTRACT

In order to study molecular identification and genetic diversity of Prunus necrotic ringspot virus (PNRSV), 149 leaf
samples from 37 orchards of pome and stone fruit trees of Kurdistan province were collected and tested by RT-PCR
using a PNRSV-F3/PNRS-R3 specific primer pair. Results showed that 20.8% of the samples were infected by
PNRSV. In the next stage of the study, 13 isolates were selected based on the host and geographic region and their
amplified fragments were ligated into the pTG19-T plasmid, transformed to E. coli DH5a, and sequenced.
Phylogenetic analysis showed that PNRSV isolates formed three clades PV96, PV32, and PE5, and all new-
sequences from Kurdistan (in this research) were categorized in PV96 phylogenetic clade, which is close to other
Iranian isolates. The new isolates shared 99 + 0.002 identities together and 94/9 + 0.005 with other previously
PNRSV reported isolates at the nucleotide level. Pairwise comparisons of sequences showed that isolates peach from
Kamyaran (KH10), pear from Sanandaj (SZ93), and peach from Dehgolan (D7) had the highest nucleotide similarity
(98%) with Iranian isolate nectarine (KX353935) whereas isolate pear from Sanandaj (SZ26) had the lowest
nucleotide identity with isolate plum from Poland (DQ983499). The low dy/ds ratio in all populations of the virus
showed that negative selection plays important role in PNRSV-CP evolution and recombination. There is no
recombination event in this domain of PNRSV genome of these isolates.
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Table 1. Accession numbers and origins of Prunus necrotic ringspot virus isolates/strains analyzed in this study

Source Number

Accession Number

Isolate/Strain

Host

Chile 6

China 10

Iran 4

Italy 7

~

Poland

USA 4

EF565251, EF565260, EF565247,
EF565250, EF565259, EF565253

HQ833193, HQ833195, KF135204,

KF135195, KF135200, FJ610344,
FJ610342, KT444703, EU869295,
AY684271

KJ599816, KX353935, KX353932,

KX353930, KJ573395, MF767268

AJ133204, AJ133203, AJ133201,

AJ133210, AJ133207, EU368737,
EU368736

DQ983495, DQ003584, DQ983499,

DQ983498
AF013286, AF034990, FJ231736,
FJ231738

ChrCl.royl, PImClL.mrb1,
PImCl.mrb1, ChrCl.swel,
PchCl.sum1, PchCl.sum1

Chr-m, Nec-e, AprSX3, FchrYT5,

PchHN2, -, -, ChrYL, -, Yunnan

RoslIr1-Mas1, SHN-40, SHN-6,
ZKN-52, Iranian, 82K

Almlt.corl, Chrit.lam1, Aprlt.tryl,

Chrit.blal, Pchit.mryl, PNRSV-
PL38, PNRSV-AL17

BI, 1-23, Emp, 143

Prune, CH39, ChrT133, ChrT224

Cherry, Plum, Almond, Cherry,
Peach, Nectarine

Cherry, Nectarine, Apricot,

Cherry, Peach, Rose, Rose,

Sweet-cherry, Sweet-cherry,
Rose

Rose, Nectarine, Nectarine,

Nectarine, Almond, Apple

Almond, Cherry, Apricot,
Cherry, Peach, Cherry, Cherry
Cherry, Rose, Plum, Cherry

Plum, Sweet cherry, Cherry,
Plum

-2 unknown
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Table 2. Time, geographic, and host species origin of collected samples concerning the results of incidence and
detection of Prunus necrotic ringspot virus detection from Kurdistan province

Number of infected / Number of collected samples

Sampling time Location Number Total Ni%?ékégdm S 2 g E g IS = &
f garden: mpl I ] = G 8 E S S

of gardens  samples samples o 5 2 § % = & &

[%2)
Sanandaj 6 30 11 5.8 14 4.8 11 0.1 0.1 0.7 -
Marivan 2 4 1 0.1 0.1 - - 11 0.1 -

1394 Saqgez 3 10 0 0.1 0.3 - - - 0.1 05 -
Baneh 2 6 1 12 - 0.1 0.1 - 0.2 -

Kamyaran 3 12 1 1.6 - 0.1 0.1 0.1 - 0.3 -

Dehgolan 2 5 1 0.1 11 01 - - 0.1 0.1 -

Total 18 67 15 7.19 29 410 13 14 04 0.18 -
Sanandaj 7 39 5 49 04 04 03 12 07 09 01

Marivan 3 7 1 0.3 12 0.1 - - 0.1 - -

1396 Saqgez 1 3 0 0.1 - 0.2 - - - - -
Baneh 2 9 1 0.1 - - - 02 02 12 02
Kamyaran 3 15 6 23 02 24 - 11 1.2 0.2 0.1

Dehgolan 3 9 3 2.3 01 01 - - 12 02 -
Total 19 82 16 820 19 212 03 25 214 115 04
Sanandaj 13 69 16 9.17 18 412 14 13 08 016 0.1

Marivan 5 11 2 04 1.3 0.1 - 11 0.2 - -

Saqgez 4 13 0 0.2 0.3 0.2 - - 0.1 0.5 -
13944139 panen 4 15 2 13 - - 01 03 02 14 02
Kamyaran 6 27 7 3.9 02 25 01 12 12 05 01

Dehgolan 5 14 4 2.4 1.2 0.2 - - 1.3 0.3 -
Total 37 149 31 1539 318 622 16 39 218 133 04
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Figure 2. Symptoms of PNRSV on pome and stone fruit samples collected from several locations of Kurdistan
province. A) Nectarine (isolate K8) collected from Kamyaran, B) Apple (isolate B5) collected from Baneh, C) Plum

(isolate K2) collected from Kamyaran, D) Peach (isolate S3) collected from Sanandaj, and E) Apricot (isolate K6)
collected from Kamyaran
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Table 3. Host, location, symptoms, and accession numbers of Prunus necrotic ringspot virus strains isolated from Kurdestan

Sample Host Location Symptoms? Accession Nos.
Sal53 Prunus cerasus Sanandaj LD, Y, NS MF574153
KH10 Prunus persica Kamyaran CS, LD MF574154
SZ93 Prunus armeniaca Sanandaj M MF574155
BH11 Prunus persica Baneh M, LD MF767265
SZ26 Prunus armeniaca Sanandaj SL MF767267
DG1 Prunus avium Dehgolan SH, M MF767266

B5 Malus domestica Baneh NS, LD MG788250
M Prunus persica Dehgolan CS,M MG788256
K6 Prunus armeniaca Kamyaran SH, CS, NS MG788253
S2 Prunus persica Sanandaj CSs MG788255
M4 Prunus avium Marivan SL MG788254
D7 Prunus persica Dehgolan CS, NS MG788252
D4 Prunus domestica Dehgolan NS MG788251

a) LD: leaf deformation, Y: yellowing, NS: necrotic spots, CS: chlorotic spots, M: mosaic, SL: symptomless, SH: shot holes.
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Figure 3. Trend of nucleotide diversity along the 553 nucleotides of coat protein gene in the Prunus necrotic ringspot
virus strains/isolates in previously reported isolates (Pil) and our isolates (Pi2)
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Figure 4. Phylogenetic relationships of Prunus necrotic ringspot virus isolates reconstructed based on 553 bp of CP
gene sequence data using the Neighbor-joining method. Bootstrap values over 60% are given at the nodes. Isolates of
this study are shown by black triangles. Identities of isolates are given in Table 1.
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Table 4. Genetic characterization of Prunus necrotic ring spot virus coat protein from different populations

Geographic region N H? HoP s n° n d ds dn/ds
This study 13 10 0.949 34 35 0.0103 0.0085 0.0175 0.4857

Chile 6 6 1.000 91 98 0.0695 0.0350 0.1793 0.1979
Chin 10 10 1.000 61 63 0.0380 0.0198 0.0960 0.2062
Iran 19 14 0.959 79 83 0.0199 0.0123 0.0486 0.2530
Italy 7 7 1.000 95 103 0.0785 0.0468 0.1827 0.2561
Poland 4 3 0.833 80 82 0.0765 0.0427 0.1860 0.2295
USA 4 4 1.000 14 14 0.0133 0.0080 0.0310 0.2580
Total 50 45 0.994 171 203 0.0498 0.0274 0.1457 0.1880
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N: number of isolate; H: number of haplotypes/isolates; Hd: haplotype diversity; S: number of polymorphic (Segregating) sites; n (Eta): total number
of mutations; m: nucleotide diversity; dS: synonymous nucleotide diversity; dN: non-synonymous nucleotide diversity.
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Figure 5. Selection pressure intensity (dy-ds) along the codons of the coat protein gene
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