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Detailed characterization of a number of isolates of PVY®YR, a novel recombinant strain of Potato virus Y (PVY) from Syria,
was conducted to elucidate their origin, assess their significance and achieve a final classification of PVYSYR, Recombination
analysis grouped isolates of PVY*Y® into three recombination patterns, SYR-I, SYR-II and SYR-III, which varied in the first
700 nucleotides of their genomes, with the second recombination pattern, SYR-IL, the most frequent. PVYS® isolates shared
highest genomic identity and close phylogenetic relationships with PVY™™ and PVY™NW isolates from Syria, suggesting a
common origin and local emergence of these isolates in Syria. All PVY>Y® isolates (total of 20) induced tobacco veinal necro-
sis, but reacted to a PVY® monoclonal antibody, typical characteristics of the previously reported PVYNW (or PVY™N©),
In potato, however, four isolates tested (one of SYR-I and three of SYR-II) induced potato tuber necrotic ringspot disease
(PTNRD), which is the characteristic phenotype of PVYN™, Given the shared properties of SYR-I and SYR-II isolates with
PVYN™ and PVYNW, it was decided that they represent a new recombinant strain of the PVY™ strain group, with the

PVYNIN—NW

proposed name . The classification of SYR-III will be possible only after testing the phenotype in potato. The

high prevalence of PVYN™™W in potatoes and weeds, as well as its ability to induce PTNRD, demonstrates its importance

and the necessity for its control.
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Introduction

Potato virus Y (PVY) is one of the most common and
destructive viruses found in potato (Singh et al., 2008). It
is the type species of the genus Potyvirus, family Potyviri-
dae, with a single-stranded positive-sense genomic RNA
of approximately 9-7 kb (Fauquet ez al., 2005). Accord-
ing to the reaction of potato cultivars carrying different
resistance genes, potato isolates of PVY are traditionally
classified into three main strain groups, PVY?, PVY® and
PVY™N. The ordinary (PVY®) and stipple streak (PVY®)
strain groups induce hypersensitive resistance reaction
(HR) in potato cultivars with the Ny and Nc resistance
genes, respectively, and mosaic in Nicotiana tabacum
(Jones, 1990). PVYYN induces severe tobacco veinal
necrosis and mild mosaic in most potato cultivars (Singh
etal., 2008). A new strain group of PVY found in the UK
induced mosaic in tobacco and potato cultivars with the
resistance genes Ny and Nc, but caused top necrosis in
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> recombination pattern, Solanum tuberosum

potato cultivars carrying a hypothetical resistance gene
Nz and was referred to as PVYZ (Jones, 1990). Another
strain group, PVY¥, induced mosaic in tobacco and
potato cultivars carrying the resistance genes Ny, Nc and
the proposed Nz (Kerlan ez al., 1999; Singh et al., 2008).
In the last two decades, new strains, namely pVYNTN
and PVYNW (or PVY™N© in North America) have been
reported from different geographic regions (Beczner
et al., 1984; Chrzanowska, 1991; McDonald & Singh,
1996a,b; Ohshima et al., 2000). PVYN™ and PVYNW
were classified as new strains within the PVY™ strain
group (Singh et al., 2008). Although PVYN™ isolates
have a serotype and tobacco phenotype identical to those
of PVYYN, they induced potato tuber necrotic ringspot dis-
ease (PTNRD; Beczner et al., 1984; Le Romancer et al.,
1994; Van den Heuvel et al., 1994). In addition, the
majority of PVYN isolates have recombinant genomes
with variable recombination patterns (Boonham ez al.,
2002; Glais et al., 2002; Lorenzen et al., 2006a; Schubert
etal., 2007; Ogawa et al., 2008), although non-recombi-
nant PVYN"™ isolates were also reported from North
America and were prevalent in Japan (Ohshima et al.,
2000; Nie & Singh, 2003a; Ogawa et al., 2008). According
to their sequences, Japanese and North American
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PVYNNIN differed from the conventional PVYYN (Ogawa
etal.,2008).

PVYNW induced veinal necrosis in tobacco, but
reacted to PVY® monoclonal antibodies (McDonald &
Singh, 1996a; Chrzanowska & Doroszewska, 1997).
These combined characteristics resulted from the recom-
binant genome of this strain (Glais et al., 2002; Schubert
etal.,2007).

The emergence of PVYNW and PVYN™ by recombina-
tion between the classical strains PVY? and PVYN was
followed by a dramatic increase in their incidence. Within
a comparatively short time they have reached predomi-
nance in most potato production areas (Kerlan et al.,
1999; Piche et al., 2004; Glais et al., 2005; Crosslin et al.,
2006; Lorenzen et al., 2006a; Chikh Ali et al., 2007,
Schubert et al., 2007). The emergence of new strains of
PVY would complicate PVY management strategies
(Gray et al., 2008), hence increasing the necessity of
studying PVY populations in potato production areas. In
a previous study on PVY, the main virus infecting pota-
toes in Syria, a novel recombinant isolate group of PVY,
provisionally designated PVY®YR, was reported (Chikh
Ali et al., 2007). Isolates of PVYSYR were prevalent in
Syria, which highlights their significance (Chikh Ali ez al.,
2007, 2008a). The representative isolate of PVYSYR,
SYR-NB-16 shared properties with PVYN™ and
PVYNW, complicating the classification of PVYSYR
(Chikh Ali et al., 2007). Moreover the phenotype in
potato, which is a classification criterion of PVY strains
(Singh et al., 2008), is needed to achieve final classifica-
tion of PVY®YR, The objectives of the present study were
to elucidate the origin, assess the significance and achieve
final classification of PVYSYR,

Materials and methods

PVYS'R isolates

A total of 20 PVY®'® isolates from potato and weed
plants were sampled from potato fields in Syria from
2002 to 2007 (Table 1). Original samples were stored
as silica-dried samples at 4°C. Among the 20 PVYS'R
isolates, 15 were maintained in N. tabacum cv. Samsun,
from which samples were stored as fresh and/or freeze-
dried at —80°C.

Identification of PVY®® isolates by RT-PCR

TRIzol Reagent (Invitrogen) was used to extract total
RNA from fresh tobacco or dried potato leaves according
to the manufacturer’s instructions. The total RNA
extract was dissolved in 125 pL. RNase-free water. To
identify PVY®"R isolates and test for possible mixed infec-
tions with other PVY strains, three polymerase chain
reaction (PCR) assays were conducted. PVYSYR isolates
were identified by detecting the three recombination
points at HC-Pro/P3, 6K2/VPg and NIb/CP previously
reported for the genome of SYR-NB-16 (Chikh Ali et al.,
2007). These recombination points were detected using

two PCR assays. Multiplex PCR to detect the three
recombination points at HC-Pro/P3, 6K2/VPg and the
C terminus of the CP coding region of PVY genome (Nie
& Singh, 2003b) was performed to scan all PVY samples
as a first step (hereafter referred to as MultiRec-PCR).
Then, PVY isolates with two recombination points at
HC-Pro/P3 and 6K2/VPg were tested with the primer
pair YN5-7350 and YO3-8648 (Schubert ez al., 2007) in
a uniplex PCR (hereafter referred to as UniRec-PCR) to
detect the third recombination point at NIb/CP. To check
that PVYS™® did not contain a mix of PVY genotypes
including those of PVY?, PVY™W and PVY™N©, the mul-
tiplex PCR assay reported by Lorenzen et al. (2006b) was
conducted. For this purpose, a primer set consisting of
five primers (02172, 02439c, 06266¢c, S5585m and
A6032m; Lorenzen et al., 2006b) was used (hereafter
referred to as Mix-PCR).

First-strand ¢cDNA was synthesized using ReverTra
Ace Kit (Toyobo Co., Ltd.) according to the manufac-
turer’s instructions using an Oligo-dT primer as a reverse
primer for the UniRec- and Mix-PCR assays (Schubert
et al., 2007; Lorenzen et al., 2006b) and the specific
reverse primers for the MultiRec-PCR assays (Nie &
Singh, 2003b).

PCR assays were carried out using a TaKaRa
Ex Taq"™ kit (Takara Bio Inc.) according to the manufac-
turer’s instructions. Amplification was performed in a
PTC-100™ thermal cycler (M] Research, Inc.). Thermo-
cycle programmes and primer concentrations were used
according to the original report of each assay. PCR prod-
ucts were separated in 2% agarose gel in TAE buffer,
stained in a solution of ethidium bromide, and viewed
under UV illumination.

Biological characterization

To investigate the pathotype of PVYS™® isolates in

tobacco, two plants per isolate of N. tabacum cv. Samsun
were manually inoculated at the 3- to 4-leaf stage. Inocu-
lated plants were allowed to grow in an incubator at
20-23°C with a 14-h photoperiod.

To classify the strain, the PVY isolates SYR-NB-16,
SYR-II-2-8, SYR-II-Bel and SYR-II-DrH were inocu-
lated onto the potato cultivars Desiree (or Pentland
Crown), Maris Bard and King Edward, which carry
the resistance genes Ny, Nc¢ and Nz, respectively
(Jones, 1990). To further investigate the ability to
induce PTNRD, potato cv. Nishiyutaka plants were
inoculated with PVY isolates SYR-NB-16 (five plants),
SYR-1I-2-8 (three plants) and SYR-II-DrH (four
plants). Potato plants with 4-8 fully developed leaves
were manually inoculated and grown at a temperature
of 18-20°C and normal light. Symptom observation,
which started 3 days after inoculation, was carried
out daily for 5 weeks. Harvested potato tubers were
kept at room temperature and checked for necrotic
symptoms for 6 weeks. Healthy controls were buffer-
inoculated potato and tobacco plants from each
cultivar.
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Table 1 Isolate name, genomic segments and DDBJ/EMBL/GenBank databases accession numbers of Potato virus Y'isolates collected in Syria

Sampling Tobacco  Recombination Accession No.
Isolate year Host/cultivar reaction®  sites (nucleotide position) Genotype  (sequenced region)
SYR-NB-16 2002 Potato/Unknown  Vn HC-Pro/P3°, 6K2/VPg®, Nib/CP¢ SYR-I AB270705 (full)
SYR-I-15 2002 Potato/Unknown  Vn HC-Pro/P3, 6K3/VPg, Nlb/CP SYR-I AB461455', AB461456™
SYR-II-S1 2004 Potato/Diament NI P1(499), HC-Pro/P3, 6K2/VPg, NIb/CP SYR-II AB461483', AB461484™
SYR-lI-Be1 2004 Potato/Benilla Vn P1(499), HC-Pro/P3, 6K2/VPg, Nlb/CP SYR-II AB461452 (full)
SYR-II-Sn 2004 Solanum nigrum ~ Vn P1(499), HC-Pro/P3, 6K2/VPg, NIb/CP SYR-II AB461487', AB295475™
SYR-II-4Z2 2004 Physalis sp. NI P1(499), HC-Pro/P3, 6K2/VPg, NIb/CP SYR-II AB461461', AB461462™
SYR-II-A20 2004 S. nigrum NI P1(499), HC-Pro/P3, 6K2/VPg, NIb/CP SYR-II AB461465', AB461466™
SYR-II-A27 2004 Physalis sp. NI P1(499), HC-Pro/P83, 6K2/VPg, NIb/CP SYR-II AB461469', AB461470™
SYR-1I-Be3 2004 Potato/Benilla Vn P1(499), HC-Pro/P3, 6K2/VPg, NIb/CP SYR-II AB461471', AB461472™
SYR-lI-Be4 2004 Potato/Benilla Vn P1(499), HC-Pro/P3, 6K2/VPg, NIb/CP SYR-II AB461473', AB461474™
SYR-lI-Be5 2004 Potato/Benilla Vn P1(499), HC-Pro/P3, 6K2/VPg, NIb/CP SYR-II AB461475', AB461476™
SYR-II-Bu5 2004 Potato/Burren Vn P1(499), HC-Pro/P3, 6K2/VPg, NIb/CP SYR-II AB461477', AB461478™
SYR-II-L1 2004 Potato/Lesita Vn P1(499), HC-Pro/P3, 6K2/VPg, NIb/CP SYR-II AB461479', AB461480™
SYR-II-L3 2004 Potato/Lesita Vn P1(499), HC-Pro/P3, 6K2/VPg, NIb/CP SYR-II AB461481', AB461482™
SYR-II-2-8 2006 Potato/Benilla Vn P1(499), HC-Pro/P3, 6K2/VPg, NIb/CP SYR-II AB461451 (full)
SYR-II-DrH 2007 Potato/Draga Vn P1(499)°, HC-Pro/P3', 6K2/VPg?, NIb/CP"  SYR-II AB461453 (full)
SYR-II-SP8 2007 Potato/Benilla Vn P1(499), HC-Pro/P3, 6K2/VPg, NIb/CP SYR-II AB461485', AB461486™
SYR-III-A26 2004 Physalis sp. NI P1(686)', HC-Pro/P3), 6K2/VPg!, NIb/CP* SYR-III AB461467', AB461468™
SYR-llI-2-5 2006 Potato/Benilla Vn P1(686), HC-Pro/P3, 6K2/VPg, NIb/CP SYR-III AB461459', AB461460™
SYR-llI-2-4 2006 Potato/Benilla Vn P1(686), HC-Pro/P3, 6K2/VPg, NIb/CP SYR-III AB461457', AB461458™

aVn, veinal necrosis; NI, no infection after inoculation of tobacco.

PDetected by P-values using rop (R; 5:364 x 107°%), genecony (G; 2:912 x 1072%), Bootscan (B; 7662 x 1072%), maxcHi (M; 1-103 x 10722),
CHIMAERA (C; 9:867 x 107'®) and siscan (S; 5732 x 1072°).

°Detected by P-values using R ( < 2:8 x 1076), G (7939 x 107'2), B (1578 x 107'%), M (6:166 x 107°), C (4-506 x 107%) and S (2:752 x 1078).
dDetected by P-values using R ( < 2:8 x 107%), G (7:939 x 107'?), B (1:578 x 107'), M (5:023 x 107°), C (4506 x 107°) and S (2:752 x 107°).
®Detected by P-values using R (1:138 x 1072%), G (2:121 x 107°9), B (2:194 x 1072%), M (4-813 x 1072%), C (6:674 x 107*) and S

(2946 x 1079),

Detected by P-values using R (1297 x 107%%), G (8:114 x 1072%), B (3-807 x 1073%), M (4607 x 107'®), C (1691 x 1078) and S (1-556 x 107%%).
9Detected by P-values using R ( < 2:045 x 107°), G (2:124 x 107°), B (1-459 x 107'®), M (1:661 x 107°), C (57755 x 10°%°) and S

(6:280 x 1078).

"Detected by P-values using R ( < 2:045 x 107°%), G (2124 x 107°), B (1-459 x 107'%), M (5:153 x 1077), C (1-549 x 1077) and S (6280 x 107%).
Detected by P-values using R (1754 x 107%%), G (1-217 x 107%%), B (4-158 x 107%), M (7724 x 107%%), C (4590 x 107 '®) and S

(3028 x 1072?).

IDetected by MultiRec-PCR.

Detected by P-values using R (1754 x 107°%), G (1-217 x 107%%), B (4-158 x 107%%), M (3452 x 107%), C (8116 x 107'®) and S

(3028 x 10722),

'5" NTR, P1 and partial HC-Pro.

MPartial Nlb and CP.

isolates from potato and weed hosts. The first segment
covered the 5" nontranslated region (NTR) and the full P1
gene, and was amplified by the primers A (5’-CATT

Serological characterization

The serotype of PVYSYR was investigated by compound

direct ELISA using two PVY monoclonal antibodies,
MAb2, which is specific for PVY©*“ and 1F5, which is
specific for PVY™N (Agdia). In addition, PVYSY® isolates
were tested using Potato virus X (PVX) antiserum
(National Center for Seeds and Seedlings, Japan). The
assays were conducted in duplicate according to manu-
facturer’s instructions.

Nucleic acid sequencing

The nucleotide sequences of three PVY YR isolates, SYR-
11-2-8, SYR-II-Be1 and SYR-II-DrH, were fully deter-
mined excluding the primer sites at the 5" and 3’ termini
according to Chikh Ali et al. (2007). In addition, two
nucleotide segments were determined for 16 PVYSYR
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TGTGCCCAATTGCC-3; Nie & Singh, 2002) and Nie 1
(5’-GGATCCAATTAAAACAACTCAATA-3; Nie &
Singh, 2003a). The second segment included the partial
NIb and CP coding regions, and was amplified by the
primers YN5-7350 (5"-TGCATGGCTTCCAGAAATG
CAAT-3’) and YO3-8648 (5’-CTTTTCCTTTGTTCGG
GTTTGAC-3% Schubert ez al., 2007). Amplification was
performed using a PTC-100 thermal cycler with the
following programme: one cycle of 5 min at 94°C, 30 cycles
of 30 s at 94°C, 30 s at 58°C and 90 s at 72°C, followed
by a final extension for 10 min at 72°C. The amplification
products (15 pL) were separated in 2% agarose gel in
TAE buffer, stained in a solution of ethidium bromide
and viewed under UV illumination. DNA purification,
cloning and sequencing were carried out according to
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Chikh Ali ef al. (2007). The nucleotide sequences of 5’
NTR-P1 and partial NIb-CP were combined for each
isolate to form a concatenated sequence (concat) of
2778bp.

Sequence analysis

Sequence analysis was carried out using DNASIS software
(Hitachi Software Engineering Co.). For the multiple
alignment, the program cLusTaL-X ver. 1-81 (Thompson
etal., 1997) was used with the default parameters. Align-
ments were conducted based on the whole genome and
the concat of all PVY isolates with the complete genome
available in GenBank (as of January 2009). In both cases
the corresponding sequence of an isolate of Pepper mottle
virus (PepMoV) was used as an outgroup. The aligned
sequences were checked for recombination, using RDP
(Martin & Rybicki, 2000), GENECONV (Sawyer, 1999),
BOOTSCAN (Salminen et al., 1995), maxcHi (Maynard-
Smith, 1992), cHiMAERA (Posada & Crandall, 2001) and
sISCAN methods in rRDP3 software (Martin et al., 2005).
The rDP3 analyses were done using default settings and a
Bonferroni-corrected P-value cutoff of 0-05. Only recom-
bination points detected using the six methods in the RDP3
program were taken into consideration. The identified
recombination points were then tested by the program
sISCAN version 2 (Gibbs et al., 2000) and confirmed
visually. A homology search for the non-recombinant
sequences was performed with other PVY isolates avail-
able in the GenBank database using the BLAST program
provided by the National Center for Biotechnology Infor-
mation (NCBI). Phylogeny inference was conducted
using the neighbour-joining (NJ) method. The NJ trees
were calculated with 1000 bootstrap replicates using the
neighbour-joining option in cLUSTAL-X. Phylograms were
displayed using TREEVIEW (Page, 1996). Isolate names and
GenBank accession numbers are shown in Fig. 3a.

Results

Identification of PVY®® isolates by RT-PCR

In the MultiRec-PCR, all PVYSYR isolates produced two
bands of 641 and 448 bp, indicating recombination
points at HC-Pro/P3 and 6K2/VPg. PVY> "R isolates pro-
duced bands of 1337 bp in the UniRec-PCR, revealing
recombination points in the NIb/CP region. PVY**® iso-
lates tested by the Mix-PCR produced bands of 452 bp,
indicating a recombination point at 6K2/VPg, with no
mixed infections with isolates of PVYNW and/or PVY®.

Biological characterization

A total of 15 isolates of PVY*Y® inoculated onto tobacco
induced veinal necrosis (Table 1). No infection in tobacco
was detected for five isolates (Table 1). In potato, isolates
SYR-NB-16, SYR-II-2-8, SYR-II-Be1 and SYR-II-DrH
induced systemic mottle and HR displayed as necrotic
stipple streak and veinal necrosis in cvs Desiree and Pent-

land Crown. SYR-NB-16, SYR-II-2-8, SYR-II-Bel and
SYR-II-DrH induced mosaic but not necrosis in King
Edward. In Maris Bard, SYR-NB-16, SYR-II-2-8, SYR-II-
Bel and SYR-II-DrH induced upper mottle and mosaic
followed by systemic HR displayed as necrotic stipple
streak and veinal necrosis.

Regarding tuber symptoms, SYR-II-Be-1 induced tuber
necrosis on potato cvs Pentland Crown and Maris Bard
(Fig. 1). SYR-II-2-8 induced cracks on Nishiyutaka and
necrotic arcs and rings on Pentland Crown, while SYR-II-
DrH induced deep cracks and necrosis on Nishiyutaka
(Fig. 1). SYR-NB-16 induced milder and less frequent
tuber necrosis on Nishitytaka, Desiree and Pentland
Crown than the above isolates (Fig. 1).

Serological characterization

All PVYSYR isolates reacted with MADb2, but not with
1F5, revealing O serotype. No specific reaction was
detected with PVX antiserum for all samples tested.

Molecular characterization

The fully determined sequences of SYR-II-2-8, SYR-II-
Bel and SYR-II-DrH were 9660 nucleotides long, exclud-
ing primers, and encoded a polyprotein of 3061 amino
acids. The DDBJ/EMBL/GenBank databases accession
numbers for complete and partial sequences are shown in
Table 1.

According to the structure of the sequences of the
whole genome and concat, three recombination patterns
in PVY®™® jsolates were detected, designated SYR-I,
SYR-II and SYR-II (Table 1; Fig. 2). Recombination
points of SYR-I, SYR-II and SYR-III were detected using
RDP, GENECONV, BOOTSCAN, MAXCHI, CHIMAERA and SISCAN
methods in RDP3 software (examples of the P-values are
shown in Table 1). All recombination points had Z scores
>3 in SISCAN version 2 (data not shown). It is worth men-
tioning that the recombination event at NIb/CP of SYR-I
and SYR-II occurred at various nucleotide positions in
the segment from 8314 to 8598.

Most of the genome of SYR-I, SYR-II and SYR-III iso-
lates shared highest identity with Syrian isolates of
PVYN™ (PVY-12; AB185833; Chikh Al et al., 2008b)
and PVYNW (SYR-Wi-11; AB185832; Chikh Ali et al.,
2007; Fig. 2). The genomic segments from 2420 to 8590
of SYR-NB-16 showed highest identity with PVY-12
(99:5%). The genomic segment 8600-9660 had highest
identity with that of SYR-Wi-11 (99-4%). Similarly, the
sequences flanked by the recombination points in the P1
and NIb/CP regions of isolates SYR-II-2-8, SYR-II-Bel
and SYR-II-DrH shared highest identity with those of
SYR-NB-16 and PVY-12 (99:1-99-7%; Fig. 2), whereas
the genomic segment from the recombination point at
NIb/CP to nucleotide position 9660 shared highest iden-
tity (99-5-99-7%) with that of isolate SYR-Wi-11 (Fig. 2).
The homology search of the concat showed similar results
to those for the complete genomes. As for SYR-III, the
first genomic segment (19-680 nt) shared highest identity

Plant Pathology (2010) 59, 31-41
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Figure 1 Potato tuber necrosis caused by
Potato virus Y (PVYN™NWy isolates. (a, b, c)
SYR-NB-16 in cvs Desiree, Pentland Crown
and Nishiyutaka, respectively; (d) SYR-II-DrH
in cv. Nishiyutaka; (e, f) SYR-11-2-8 in cvs
Pentland Crown and Nishiyutaka,
respectively; (g, h) SYR-I-Be1 in cvs
Pentland Crown and Maris Bard,

respectively.

of 97-2% with that of isolate SASA110 (PVY?; UK), In the phylogenetic tree of the genomic segment from
while the rest of the partial genome showed similar  nucleotides 37 to 484, isolates of SYR-I grouped in the N
identity results to those of SYR-II (Fig. 2). lineage (Fig. 3a). Isolates of SYR-II and SYR-III grouped

Plant Pathology (2010) 59, 31-41
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499 686 2414 5833

8,314-8,598
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SYR-I

Figure 2 Sequence identity of Potato virus Y
(PVYS"®) genotypes SYR-I, SYR-Il and SYR-

SYR-II

SYRII m. .....................................................

V942490 (PVYNTN, UK; 99.3-99.4%) € PvYi2 (PVYNTY; Syria)

@ Isol5 (PVYNW; Germany; 99.4-100%) . SASA110 ( PVYO; UK; 97%)

in the O lineage along with PVY-12 and SYR-Wi-11 iso-
lates (Fig. 3a). All PVYS™® isolates and SYR-Wi-11
grouped in the N lineage in the phylogenetic tree of the
nucleotide segment 689-1077 (data not shown). PVYSYR
moved to the O lineage in the phylogenetic tree of the
nucleotide segment 2415-5715 (Fig. 3b). PVYS™R iso-
lates regrouped in the N lineage of the phylogenetic tree
of the segment 7348-8364 along with PVY-12 (data not
shown). In the tree of the partial CP coding region (8600-
9058) all Syrian isolates except for PVY-12 clustered in
the O lineage along with SYR-Wi-11 (Fig. 3¢).

Discussion

In previous studies (Chikh Ali ez al., 2007, 2008a), a new
recombinant strain group of PVY, namely PVY®"R, was
found to be prevalent in Syria. The present study on
PVY*™® supports the following conclusions. First,
PVY®™R consists of at least three recombination patterns,
SYR-I, SYR-II and SYR-IIL Secondly, PVY>'R is closely
related to PVYNT™ and PVYNW isolates from Syria, sug-
gesting a common origin and possibly indicating local
emergence of these isolates, i.e. in Syria. Thirdly, because
of their ability to induce PTNRD, PVY**® isolates repre-
sent a real challenge to potato production in Syria.
Fourthly, considering their novel combination of charac-
teristics and the shared properties with PVYNT™ and
PVYNW, SYR-I and SYR-II isolates of PVYS™R are to be
classified as a new recombinant strain within the PVY™
strain group with the proposed name PVYNTN-NW,
Isolates of SYR-III were not included in the PVYNTN-NW
strain since their phenotype in potato was not tested.

To investigate the origin of PVY®™® and the driving
forces that led to their emergence, genetic analysis was
performed for these isolates. In the recombination analy-
sis, three recombination patterns were identified, namely
SYR-I, SYR-ITand SYR-III, which varied according to the
5" NTR and the N terminus of the P1 coding region. This
indicates that PVY®Y® isolates represent heterogeneous

Il as revealed by the identity search. Arrows
indicate recombination points: (a) a common
recombination point in SYR-I, PVY-12 and
v942490; (b) a common recombination point
in SYR-I and PVY-12; (c) a common
recombination point in SYR-II, PVY-12 and
Isol5; (d, €) common recombination points in

SYR-Wi-11 (PVYNW; Syria)

==== Nodata SYR-Il and PVY-12.

genotypes and the isolate SYR-NB-16 represents the
recombination pattern SYR-I, but not all isolates of
PVYSYR as thought previously (Chikh Ali et al., 2007).
The central genomic portion of SYR-I (flanked by nucleo-
tide position 2400 and the recombination point at
NIb/CP) and that of the Syrian PVYN"N isolate PVY-12
were closely related. The CP and 3° NTR of SYR-I were
closely related to those of the Syrian PVY™W isolate
SYR-Wi-11. The same held true for the isolates of SYR-II,
except for the first 500-nucleotide segment which
shared highest identity with those of PVYN™ and
PVY™W from Europe, reaching 100% for some isolates.
This would suggest that the recombination event in the P1
region might have followed that of the NIb/CP and
resulted in the emergence of SYR-IL Isolates of SYR-II
were more frequent than those of SYR-I, which were
detected in only two potato samples collected in 2002,
but not later. Isolates of SYR-III also seem to have
emerged in the same way as those of SYR-II, except for
the first 700-nucleotide sequence. The high sequence
identity and close phylogenetic relationship of PVYSYR
with PVYNT™ and PVYNW isolates from Syria suggests a
common origin and may indicate a local emergence of
these isolates, i.e. in Syria. The recombination point at
NIb/CP was not at an identical nucleotide position.
These variable recombination sites could be
explained by a low selection pressure at this site of the
PVY genome.

The high incidence (Chikh Ali ez al., 2007, 2008a) and
ability of PVYSYR jsolates tested so far to induce PTNRD
highlight the significance of these isolates and the neces-
sity for their control. Although the tuber necrosis caused
by SYR-NB-16 (SYR-I) was notably milder and less fre-
quent than those caused by isolates of SYR-II it still
affected tuber quality (Fig. 1). The emergence of a new
genotype by recombination might be followed by a dra-
matic increase in the frequency of the emerged recombi-
nants as a result of increased fitness (Nagy, 2008) and
would consequently complicate management strategies.

Plant Pathology (2010) 59, 31-41
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Figure 3 Neighbour-joining trees of all Potato virus Y (PVY) isolates available in the DDBJ/EMBL/GenBank databases (January 2009) based
on nucleotide sequences (37-484; a), (2415-5715; b) and (8600-9058; c). Sequences were numbered according to the genome of PVY-12.
The scale bar shows the number of substitutions per residue. Numbers at nodes indicate cluster bootstrap values (%). Syrian PVY isolates are

shown in bold.

This would increase the significance of PVYSYR isolates

as newly emerged genotypes that reflect the dynamic nat-
ure of PVY.

To classify PVYSYR, their characteristics were com-
pared with those of previously recognized PVY strains
from potato (Singh et al., 2008). PVY>YR shared common
biological, serological and molecular properties with
both PVYNW (or PVYN:©) and PVYN™, which compli-
cates their classification. In addition, no information on
the reaction caused by PVYN"™ and PVYNW in differen-
tial potato cultivarsis available (Singh ez al., 2008), which
prevents comparison with PVYSYR, In general, PVY
strains induce either HR or mosaic in potato cultivars with

Plant Pathology (2010) 59, 31-41

the Ny, Ncand Nz resistance genes (Singh et al., 2008). In
the present study, however, isolates of PVYS™® tested
induced both reactions, i.e. mosaic and HR, in some culti-
vars, particularly in Desiree/Pentland Crown and Maris
Bard. The recombinant nature of these isolates may have
resulted in this double reaction. However, the validation
of such a conclusion awaits the results for similar isolates
from other parts of the world, or the discovery of the geno-
mic determinants of HR. All PVYS'® isolates tested
caused similar phenotypes in the potato cultivars carrying
the Ny, Ncand Nz resistance genes used in this study.
According to Singh ef al. (2008), new PVY strains
should not be named based on geographic region, but on
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Figure 3 Continued.

the characteristics of the strain. Similar to PVYN™ and
PVYNW, PVYSYR therefore represents a new strain
within the PVY™ strain group, with the proposed name
PVYNTNNY This classification is to be applied only for
SYR-I and SYR-II, since the phenotype of SYR-III in
potato was not tested and the ability to induce PTNRD
has yet to be examined. Although the novel strain
PVYNTNNW ¢ composed of more than one genotype (at
least two) it can still be considered as a single strain. In
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89

fact, variable genotype would not affect the classification
of PVY strains unless linked to a distinct phenotype
(Singh et al., 2008). Such is the case for many PVY strains
which consist of various genotypes, such as PVY® (C1
and C2; Blanco-Urgoiti et al., 1998), PVYN (N-North
America and N-Europe; Ogawa et al., 2008), PVYNTN
and PVYNW, with variable recombination patterns
(Schubert et al., 2007; Ogawa et al., 2008). The recombi-
nation pattern of SYR-II seems to be similar to that of
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Figure 3 Continued.

isolate 156 from Germany (AJ889867; Schubert et al., recombination point was detected in the present recom-
2007; Fig. 2). However, Ogawa et al. (2008) detected a bination analysis using BOOTSCAN (P = 8-447 x 10™%),
further possible recombination point within the genome MAXCHI (P =9-392x107°) and siscan (P = 8-447 x
of isolate 156 at nucleotide position 2998. The same 107%"). No such recombination was detected in the
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40 M. Chikh Ali et al.

genome of any PVY® YR isolates. In addition, the recombi-

nation point at HC-Pro/P3 was not at an identical
position for isolate 156 (nt 2392) and SYR-II isolates (nt
2414). The phylogenetic analysis of PVY isolates (Ogawa
etal.,2008; Fig. 3a,b) showed thatisolate 156 was closely
related to isolates of PVYN™, such as 34/01 (Poland;
AJ890342) and 12-94 (Poland; AJ889866), and PVYN'W
(Germany; 156var; AJ889868), that share a close geo-
graphic origin. SYR-II isolates, however, were closely
related to isolates of PVYN™ and PVYNW from Syria,
which may suggest convergent evolution. Moreover,
unlike isolates of SYR-IL, there is no report on the ability
of isolate 156 to induce PTNRD, so it was classified as an
isolate of strain PVY™W (Schubert et al., 2007).

In conclusion, SYR-I and SYR-II isolates of PVYS'R
are to be classified as a new strain within the PVY™ strain
group. The name PVYN™NW i proposed for this novel
strain because of its shared properties with PVY™"™ and
PVYNW.
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