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ABSTRACT. This is a report of recombinant variants of Potato Virus Y (PVY) from the potato cultivating
regions of Georgia: Akhaltsikhe, Akhalkalaki, Marneuli. Itis important to know which PVY recombinant
strains are present, and if the verities circulating in the country confer any resistance to them. The most
prevalent strains were PVY Wi - 89%, followed by PVY" -11%. We could not detect any infection with
PVYNTN, PVY ™ ™ and PVY®. This finding is congruent with research papers stating that PVY Wiis
found to be most prevalent in Europe. Total PVY infection of potato seeds accounted 63%, which exceeds
any certification limits in the world. The highest incidence of PVY was observed for Akhaltsikhe - 78%,
followed by Marneuli - 61 % and Akhalkalaki- 50%. According to chi-squared analyses, Akhalkalaki
region had a significantly lower number of PVY infection (P<0.05) compared to both other regions. This
might be attributed to the higher altitude of the growing area. The rate of infection in Georgia is
significantly higher than the certification standard of EU (9% with high PVY infection). Furthermore,
there was no significant difference (P>0.05) of PVY infection between cultivars rated as PVY-resistant
and non-resistant, demonstrating the cultivars in the country are not recombinant strain resistant.
Widely used varieties Desiree and Spunta formerly were reputed to be well resistant to PVY, but, today
these cultivars are counted as sensitive to new recombinant strains such as PVYNTN or PVY Wi.
© 2016 Bull. Georg. Natl. Acad. Sci.
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Potato virus Y (PVY) is the type species of the genus PVY strains are distinguished based on their hy-
Potyvirus, family Potyviridae, with a single-stranded  persensitive resistance response (HR) to particular
positive-sense genomic RNA ofapproximately9.7kb[1].  cultivars of potato and also by symptoms on tobacco
PVY infects important crop plants such as potato, to-  plants [3]. Based on symptomatology in tobacco and
bacco, tomato, pepper. It is considered as one of the  potato plants and reaction of some resistant cultivars,

most economically damaging viruses in the world [2].  PVY isolates were divided into different strains. PVY*
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induces HR in the potato cv. King Edwards, while
PVY°induces HR in cvs. Desiree and Maris [4]. PVY*
which is carrying putative Nz gene, induces HR in
cvs. Maris Bard or Pentland Ivory. The PVY™ is not
producing HR in the presence of all three known re-
sistance genes, and it is able to overcome PVY resist-
ancein potato [5,4]. PVYC, PVY?, and PVYZinduce
mosaic and vein clearing symptoms in tobacco, How-
ever, PVY™ causes vein necrosis and stunting [6,7,2,4].
Strain PVY® has been shown to produce no HR
against any potato resistance gene, similar to PVYY,
but inducing only mosaic and vein clearing in to-
bacco. Just recently by whole genome sequencing
two recombinant type strains status PVY"Wi and PVY
NINT8]. PVY N™ causes potato tuber necrotic ringspot
disease (PTNRD), while PVY~Wi results in tobacco
veinal necrosis and sometimes can induce tuber
necrosis symptoms [9-12]. Recently, a novel PVY
strain variant NE/11 has been shown in Syria to be
recombination between PVYN and PVYN™[13].

In Europe, still PVYNWi is the prevailing strain.
This may be caused by its higher aggressiveness as
well as the fact that symptoms are hardly recognized
on some cultivars during field inspection. Taking into
consideration that Georgia is in the group of low yield
countries, the yield being only 8-15tons per hectare
[14], the aim of our study was to identify the main
PVY recombinant strains infecting seed potatoes in
Georgia. As far as we know no such survey had been
conducted. In order to implement disease manage-
ment strategies, firstly it is important to know which
PVY recombinant strains are present, and if the
verities circulating in the country sold confer any

resistance to them.

Materials and Methods

Virus Isolate. 122 seed potato tubers were collected,
from 8 different cultivars produced in the districts
Akhaltsikhe, Akhalkalaki and Marneuli. These tubers
were harvested by small hold producers in previous
crops to be sold as a seed potatoes in 2013. Three to
four eyes from each test tuber were collected, ho-
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mogenized with PBS (0.01M sodium phosphate
buffer, pH 7.2, 0.15 NaCl) buffer and mechanically
inoculated to Nicotiana tabacum cv. Samsun NN (3-
4 leaves stage) dusted with carborundum. All plants
were grown in insect free greenhouse (20-26°C) at
Julius Kuhn Institute Germany.

Molecular Differentiation of PVY isolates.
Immunocapture reverse transcription reactions were
performed as described by [15]. Briefly, 0.5ml tubes
were coated for 4 h at 37°C with PV Y-specific IgG (10
pg/ml in 0.1M sodium carbonate buffer, pH 9.5; IgG
was kindly provided from Frank Rabenstein). After
coating tubes were washed for three times with phos-
phate-buffer saline (0.01M sodium phosphate buffer,
pH 7.2, 0.15NaCI) with 0.05% Tween-20 (PBST). To-
bacco plant leafs (200 mg) were homogenized with
extraction buffer (1:10/w:v; PBS containing 2% PVP-
25 and 2% dried skimmed milk powder). Homogenates
were centrifuged at 12000 x g and 50 ml of supernatant
were added to the coated tubes and kept overnight
4°C. Afterwards, tubes were washed three times with
PBST and once briefly with distilled water. RT reac-
tion was run in 40ml total volume, firstly 32pl of RT
reaction premix was added to IgG coated tubes, and
they were heated at 72°C for 2 min. RT premix con-
tained 5x concentrated buffer (Promega), dnTps
10mM, 100mM 3’END PVY specific primer. Secondly,
to the rest of 8ul of premix was added 0.5ul
(200 units/pul) of RT enzyme (Promega) and the mix-
ture was appended to tubes. Reaction proceeded for
60 min at 42°C, final extension at 72°C for 10 minutes.
The PCR conditions varied depending on the number
of intended viruses to be detected and the number of
primers involved. The antisense, sense primers and
PCR fragment size are given in (Table 1). For triplex
PCR, a final volume of 25l contained: 3ul of cDNA
(approximately 300ng, Nanodrop), strain specific
antisense and sense primers for PVYNN™N PVYNand
PVY?®, final concentration 0.2mM each,10x concen-
trated reaction buffer (provided by supplier of the
Taq DNA polymerase, containing 1.5 mM MgCl2,
0.2mM dNTPs) and 1U of Taqg DNA polymerase
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Table 1. The primer pairs used for PVY recombinant strains differentiation

Name sequence [5'-3'] Specific for strains PCR Fragment Size (Bp)
PVY3end TCTCCTGATTG All Strains -
PVY 3-2558 GGCTCATCTAACAGCAACTGTC PVYNWi

PVY 5-1780 CCGAATGGGACAAGAAAACTTG PVY Wi 778
PVY 3-622 TTGATAAGATGGTTCATTTGTTT pyYNANTN

PVY 5-116 TTGATCTTCGTCGTACAAACCG pyYNANTN 34
PVY 3-9525 CCACAATGACGAAATCACCCTG pvYN™N 290
PVY 58635 AAGGTAGCATTCAACCAAATCTC pvYN™

PVY 3-2438 GGTTCATCCAGTAGCAATTGCT pvVYN

PVY 5-1780 CCGAATGGGACAAGAAAACTTG PVY" 638
PVY 3-2558 GGCTCATCTAACAGCAACTGTC PVY® 1553
PVY 5-1005 AATTGTACGATGCACGTTCTAGA PVY®

(Promega, GoTaq). For dupliplex PCR we have used
primers pair’s specific for PVYNVig and PVYN M strains.
The thermo cycling conditions for both dupliplex and
tripliplex PCR were the same: 96°C 3min; 96°C 30s,
62°C 1 min 15s, 72°C 2 min, 32 cycles, final extension at
72°C for 10 min. The expected bands were analyzed on
a 1% agarose gel in TAE buffer, including ethidium
bromide (EthBr) and viewed under UV illumi-nation
using a digital imaging system (INTAS UV system
P93DW). Statistical analysis about prevalence of PVY
and its distribution in potato producing regions of
Georgia were tested by the chi square (y?) tests for
independence. One-way ANOVA test was used to

find the relation between PVY and plant resistance.

Results

Molecular differentiation of PVY isolates. In initial
experiments to differentiate PVY recombinant vari-
ants in the country, we identified PVYNWi as pre-
dominant strain group, constituting 56% of total PVY
population. Nevertheless of significantly low number,
PVYV¥strain is present in all potato producing regions
of Georgia and constitutes 7% of total PVY infection
(Table 2, Fig. 1-representative agarose gel lane 2.3).
Highest incidence rate of PVYNWi was observed in
Akhaltsikhe region 68%, followed with Marneuli 59%
and Akhalkalaki 42%. These regions differed in the
distribution patterns of the PVY™ infection rate. The
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highest load of infection was in Akhaltsikhe 10%,
followed Akhalkalaki 8%, and Marneuli 2 %.

In our experiments we had 6 cases with mixed
infection from PVY™Wi and PVY" strain. We couldn’t
detect any infection with PVYM-NN PVYO and
PVY™, The results obtained indicate that PVY infec-
tion is a limiting factor for potato production in Geor-
gia. Our records revealed 63% PVY infection from
tested 122 farm saved seed potatoes (Table 1). Com-
parison of incidence of PVY infection in different
potato producing regions resulted in highest rate from
Akhltsikhe - 78%, followed with Marneuli - 61% and
Akhalkalaki- 50%. A chi-squared test of PVY infec-
tion distribution into regions, has resulted in a sig-
nificant difference (P<0.05). The comparison of in-
fection rate between regions revealed that PVY level
in Akhalkalaki significantly differs from both
Marneuli and Akhaltsikhe (P<0.5). On the other hand
there is no significant difference between infection
rate of Marneuli and Akhaltsikhe (P>0.05).

According to the European Cultivated potato
database, among the varieties that are spread in Geor-
gia only Spunta and Desiree carry medium resistance
to PVY infection (Table 1). With statistical analyses
(ANOVA), there is not a significant difference in an
infection rate of PVY between resistant and non-re-
sistant cultivars (df=1; Value=45.8 P=0.826).
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Table 2. Differentiation of PVY recombinants in different cultivars and regions of R. Georgia

% tubers Infected with different strains of
PVY
Region Cultivar Tested Tubers [Resistance to  |[PVY~ Vi&  [pyyN % TOTAL
(No) PVY * PVY
Akhalkalaki Spunta 18 Medium 67 11 78
Marabella 7 NO 57 14 71
Mariana 3 NO 33 0 33
Milva 12 NO 0 0 0
TOTAL 40 42.5 7.5 50
Akhaltsikhe Redish 7 NO 57 14 71
Pikaso 8 NO 50 25 75
Desire 6 Medium To High 17 17 33
Unknwon 20 NO 95 0 95
TOTAL 41 68 10 78
Marneuli Jely 10 NO 40 10 50
Unknown 31 Unknown 65 0 65
TOTAL 41 59 2 61
TOTAL for
Georgia 122 56 7 63

* European cultivated potato database (www.europotato.org.)

Discussion

Theidentification of PVY recombinant strains in Geor-
gia appears to be the first report. Our results show
that most prevalent strains are PVYNWi 56% and
PVY™ 7%. We could not detect any infection with
PVYNANIN PVYO.and PVY™, This finding is congru-
ent with research papers about PVY recombinant
strains and their distribution in other parts of the
world[16]. PVY~Wi is found to be more infectious in
potatoes infecting larger number of potato cultivars,
than the other recombinant variants [17,18]. It has
spread in Poland representing more than 90% of PVY
infections in some growing areas [19]. Similar situa-
tions were also observed in Spain [20], in France [21],
in Russia, in Finland and in Germany. The reason for
such wide spread can be associated with very mild
symptoms [17]. Usually they are totally symptomless
and undetectable by visual inspections in the fields.
In most cases, such infections are lately detected by
laboratory tests during post-harvest controls. The
abundant presence of these two strains in Georgia
can be explained by the absence of laboratory con-
trol system. To combat drastic spread of these
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recombinant strains it requires implementation of
specific control measures against these PVY vari-
ants. A prerequisite is set up an IC-RT-PCR method-
ology, which could be applied in seed certification
and breeding programs.

This report along with similar studies [14] con-
firms the presence of PVY in Georgia. The infection
rate of PVY for Georgia accounted 63% in farm pro-
duced seed potatoes. The results are extremely star-
ling and it needs urgent action from the government.
The rate of infection from Georgia is significantly
higher than the certification standard of EU (9% with
high PVY infection). Comparative analyses revealed
that there is a significant difference between infec-
tion rate of Akhalkalaki with that of Akhaltsikhe and
Marneuli. The only explanation for significantly low
number of PVY in Akhalkalaki could be associated
with geographic locations of growing areas.
Akhalkalaki is 1700m above sea level when
Akhaltsikhe is 1000m, and Marneuli at 420m. The
higher location of the Akhalkalaki provides not af-
fordable climatic conditions for vector populations.

In cooler climates most aphids of potato crops



68 Vladimer Baramidze, Joerg Schuberts, Nugzar Aleksidze, ...

&
&

Fig. 1. Representative agarose gel of amplification with
PCR: Lanes 1-3- PVYNexpected band size 658BP,
Lanes 2-4, PVYN-Vile expected bands of 758bp

overwinter either as eggs an primary host (holocyclus)
or as viviparae in protected sites on secondary hosts
(anholocyclus). Primary hosts are usually fruit trees,
secondary hosts, mainly biannual or perennial weed
species. This allows aphid numbers to increase be-
fore potato plants are available for colonization and
provide a source of migrants to crops [22]. In milder,
climates parthenogenesis (asexual) reproduction is
around the year on weeds possible, this availability
of green plants provides an immediate aphid and vi-
rus source when potatoes are planted [23,24]. The
vector populations from potato growing areas of
Georgia had never been investigated. Thus making
any inference about vector population behaviors is
not scientifically correct.

Analysis f variance showed no significant differ-
ence of PVY infection between resistant and non re-
sistant varieties (P>0.05). European varieties which
are widely used in Georgia are sold as varieties with
moderate resistant against PVY. This information pro-
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Table 3. Chi-squared test: Regions versus PVY and
regional differences

df Value P Value
Regions vs PVY 2 6.649 0.036
Akhalkalaki vs Akhaltsikhe 1 7.569  0.0059
Akhaltsikhe ~ vs  Marneuli 1 0.0488 0.8252
Akhalkalaki vs Marneuli 1 6.454  0.0111

vided is not based on true evidence. Because, these
varieties Desiree and Spunta formerly were reputed
to be well resistant to PV, but, today these cultivars
are counted as sensitive to new isolates such as
PVYMNor PVYNW [25].

In conclusion, present study demonstrated that
PVY™Wi and PVYNare currently the predominant
forms infecting seed potatoes in Georgia. We could
not detect any other PVYNANN.PVYO-PVYNNin the
potato producing regions. Our study revealed that
63% percent of farm produced seed potatoes are in-
fected with PVY infection and there is a significantly
low number of infection in Akhalkalaki region. Most
cultivars, which are sold as resistant to PVY, are not
resistant to the recombinant variants widely dispersed
in the regions. This study is a scientific proof and
clearly reflects the reasons of potato production prob-
lems in the country.
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