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Abstract. Potato yellow vein virus (PYVV), (family Closteroviridae,
genus Crinivirus) is a re-emergent virus in Andean countries. Low
inter-isolate variation has been reported for PYVV CP gene, but there
are no reports for intra-isolate variation. Inter- and intra-isolate
variability in CP from a population of PYVV was studied. Samples
of 216 symptomatic potato plants (115 Solanum tuberosum subsp.
andigena (STA), 100 Solanum phureja (SPH) and 1 Solanum
chaucha (SCH)) were collected in five Colombian departments.
Viral isolates were amplified by RT-PCR and the amplicons were
analyzed by single-strand conformation polymorphism (SSCP). Six
different migration SSCP patterns (A to F) with different complexities
were observed among the population. Pattern A was detected in
the five departments in 66% of the isolates. Pattern E was found
only in the department of Cundinamarca with a frequency of
0.09%. Patterns B, C, D and F were found in similar proportions
of from 13% to 5.6% and were present in the five departments.
Homology at the nucleotide level of 75% of the sequence of the CP
gene was greater than 99% and the dN/dS ratio (no-synonymous/
synonymous changes) was 0.002. Amplicons of the whole CP gene
of eight selected isolates representing the six SSCP patterns were
cloned and the SSCP analysis showed that, in all cases, more than
one variant was present. The sequence analysis of the 35 clones
confirmed intra-isolate variability of PYVV. The existence of several
variants in a single field isolate was demonstrated and negative
selection against amino acid changes of the CP was suggested.
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Resumen. Potato yellow vein virus (PYVV), (familia Closteroviridae,
género Crinivirus) es un virus re-emergente para los paises Andinos.
Se ha reportado baja variacion del gen CP de PYVV entre aislados,
pero no hay reportes de variacién intra aislado. Se estudié tanto
la variacién inter como intra aislado del CP de una poblacién de
PYVV. Muestras de 216 plantas de papa sintomdticas (115 Solanum
tuberosum subsp. andigena (STA), 100 Solanum phureja (SPH)
y 1 Solanum chaucha (SCH)) se colectaron en 5 departamentos
de Colombia. Los aislados se amplificaron por RT-PCR y los
amplicones se analizaron por polimorfismo conformacional de
cadena sencilla (SSCP). Se observaron seis patrones de migracion
de SSCP distintos (A a F) con diferentes complejidades. El patrén A
fue detectado en cinco departamentos en 66% de los aislados y el
E solo en el departamento de Cundinamarca con una frecuencia
de 0,09%. Los patrones B, C, D y F se encontraron en proporciones
similares entre 13% a 5,6%, y estuvieron presentes en los cinco
departamentos. La homologia de nucledtidos del 75% de la
secuencia del gen CP fue mayor del 99% y la tasa dN/dS (cambios
no sinénimos/ cambios sinénimos) fue de 0,002. Amplicones del
gen completo de CP de ocho aislados que representaban los seis
patrones de SSCP se clonaron y un andlisis SSCP mostré que todos
tenian mds de una variante. El andlisis de secuencias de 35 clones
confirmé la variabilidad intra aislado de PYVV. La existencia de
varias variantes en un solo aislado de campo se demostré y se
sugiere seleccion negativa de cambios de aminodcidos en al CP

Palabras clave: PYVV, proteina de la capside, variabilidad intra,
SSCP.

The Potato yellow vein virus (PYVV) (family
Closteroviridae, genus Crinivirus) is the etiologic
agent of the Potato yellow vein disease (PYVD), a
quarantinable disease in Europe and United States.
PYVV is a re-emergent virus (Salazar, 2006) in Andean
countries, infecting potato plants in Colombia,
Venezuela, Perl and Ecuador (Salazar et al, 2000;
USDA-APHIS 2009; EPPO, 2009). Symptoms of PYVD
in potato begin with vein clearing of secondary and
tertiary leaf veins, followed by a yellowing that covers
the leaf lamina, resulting in the leaflet becoming
bright yellow (Salazar et al., 2000). PYVD affects the
weight and number of tubers produced by different
varieties and Solanum species. It has been estimated

that, for Solanum tuberosum subsp. andigena (STA)
and Solanum phureja (SPH), losses of between 30%
and 50% can occur depending upon the host, weather
conditions, vector presence and other variables
(Saldarriaga et al., 1988; Salazar et al.,, 2000;Guzman et
al, 2012; Guzman et al.,, 2013).

PYVV is transmitted by the insect vector Trialeurodes
vaporariorum (West) (white flies) in a semi-persistent
manner by planting infected potato tubers and
performing grafts with infected plants (Saldarriaga et
al., 1988; Salazar et al,, 2000). PYVV has a tripartite
RNA (ss+) genome consisting of RNA 1 (8035 nt),
RNA 2 (5399 nt) and RNA 3 (3892 nt). RNA 2 codes
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for the coat protein which covers most of the virion
(Livieratos et al., 2004).

The population structure and genetic diversity of
several plant viruses has been estimated by SSCP
and nucleotide sequence analysis of genomic
regions (Rubio et al., 1996; Rubio et al, 2001a; Rubio
et al, 2001b; Sambade et al, 2002; Lin et al., 2003;
Goszczynski and Jooste, 2002). There have been
several reports on studies performed to examine
the inter-isolate variability of PVYY (Offei et al.,, 2004;
Guzman et al., 2006; Rodriguez et al., 2010; Ayala et al.,
2011). Offei et al. (2004) compared isolates obtained
from 12 samples of STA and SPH collected in Colombia
and one Peruvian isolate. Analysis was performed
by SSCP followed by Alul enzyme restriction and
the findings suggested little variability between the
isolates. Screening of a larger population (250) of
PYVV symptomatic Solanum spp plants obtained
from three departments of Colombia using RFLP with
HinfIalso demonstrated a low inter-species variability
(Guzman et al, 2006). So far, these studies have
reported the variability between isolates, but, to our
knowledge, there are no studies on the intra-isolate
variability for PYVV. With Citrus tristeza virus (CTV)
also a member of the Closteroviridae family, inter-
and intra-isolate studies have been associated with
different symptom expression levels, yield reduction
and vector transmission (Ayllon et al., 1999; Sambade
et al., 2002).

The aim of this study was to determine the inter-
and intra-isolate variation of the CP gene of PYVV
in samples of SPH, STA and SCH collected in five
departments of Colombia. In order to study the inter-
isolate variation, RT-PCR products of field samples
(isolates) were subjected to SSCP and sequence
analysis. To study intra-isolate variation, RT-PCR
products of field isolates were cloned and the clones
were further sequenced and analyzed by SSCP. These
techniques were used to study subtle sequence
differences between variants found in the population
or within the isolates. The presence of variants with
high sequence homologyin single potato isolates is
reported here for the first time.

MATERIALS AND METHODS
Plant material and viral isolates. Leaf samples
of 216 potato plants (100 SPH, 115 STA and 1 SCH)

showing yellowing symptoms associated with PYVV
were collected in the five departments of Colombia
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with the largest production of potato in the country:
Antioquia, Boyaca, Cauca, Cundinamarca and Narifio.
The plant material was collected and transported to
the laboratory on ice and stored at -20°C until they
were processed.

RNA extractions. Leaf samples were ground in
liquid nitrogen, resuspended in extraction buffer (2%
SDS Sodium dodecyl sulfate, 0.1M Tris [pH8], 2M
EDTA Ethylenediaminetetraacetic acid disodium salt
dihydrate) and extracted with phenol:chloroform.
The supernatant was filtered through Sephadex G-50
columns as previously reported (Guzman, 2008). The
dsRNA extracts were quantified in a fluormeterQubit
(Invitrogen®).

PCR. The dsRNA extracts of the field isolates were amplified
by RT-PCR primers that amplify the complete CP gene
of PYVV (F2Xho 5" CTCGAGGATCCTCATGGAAATCCGATC
3’/ R3Hind 5 AAGCTTCTACTCAATAGATCCTGCTA 3))
to produce 769 pb amplicons. These primers were
designed using the Peruvian accession NO_006063
reported in GenBank. The primers were designed to
have Xhol and HindIll restriction sites to allow direct
cloning of the amplicons. The RT-PCR reactions were
performed in two steps. For reverse transcription,
200 U of MMLV (Epicentre®), 1X of RT-PCR reaction
buffer, 1 mM of dNTPs, 0.4 pmol of primer R3Hind
and 25 ng of RNA were used for a final volume of
12ul. The cDNA synthesis reaction was carried out
at 37 °C for 60 min. For PCR, 2ul of ¢cDNA, 1X of
reaction buffer, 2.5 mM of MgCl,, 0.4 mM of dNTPs,
0.4 pmol of each primer (F2Xho/R3Hind) and 2.5 U
de Tagpolimerase (BiolaseBioline®) were used for a
final reaction volume of 25ul. The thermic cycle used
was as follows: initial denaturation of 3 min at 94 °C,
and 35 cycles for 1 min at 92 °C, 1 min at 55°C and
a final extension of 10 min at 72 °C. The products
were analyzed by electrophoresis using 1% agarose
gel/TBE, stained with SYBR safe (Invitrogen®). In all
the RT-PCR amplifications, virus free in vitro potato
samples were included as negative controls, along
with water as a blank. The amplicons were g)urified
using the UltraClean PCR Clean-Up Kit (MoBio™) prior
to being sent to Macrogen, Korea for sequencing.

SSCP. Purified amplicons of the field isolates or from
cloned isolates were denatured and analyzed by SSCP
based on the method described by Rubio et al. (1996).
The DNA was separated using denaturing buffer (95%
formamide, 20 mM EDTA, 0.05% xylene cyanol and
0.05% bromophenol blue) in 8% SDS-PAGE gels at
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200 V for 4 h at 4 °C and stained using silver stain
(Beidler et al., 1982).

Cloning of amplicons. RT-PCR products of field isolates
representing different SSCP patterns were cloned in
the pGEMT 3Z vector (Promega®). Escherichia coli
One-Shot TOP10 (Invitrogen®) chemically competent
cells were transformed according to the instructions of
the manufacturer.

Sequence analysis. Field viral isolates and clones
representing different SSCP patterns were sequenced in
both directions (Macrogen®) using the same primers used
for RT-PCR. The sequences were edited and compared
with the GenBank database using the software BLAST
2.24. For sequence editing, EditSeq of the DNASTAR
Lasergene 10 package was used. Multiple alignments
were performed in Muscle V3.6 (Edgar, 2004) using the
ProtTest model (Abascal et al., 2005) and the Model test
algorithm (Posada and Crandall, 1998) to determine the
best nucleotide and aminoacid substitution models,
respectively. Nucleotide distances and the dN/dS ratio
(No-synonymous /synonymous aminoacid changes) were
estimated with MEGA 5 (Tamura et al., 2011). With a dN/
dS<1, the selection pressure was considered negative or
purifying; with a dN/dS = 1 neutral or a dN/dS>1, it was
diversifying or positive. Dendograms were built in Phyml
3.0.1 (Guindon and Gascuel, 2003) by neighbor joining,
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taking into account the substitution model. Dendogram
robustness was evaluated by 1000 bootstrap (Felsenstein,
1983). Sequences were reported in GenBank.

Inter- and intra-isolate variation analysis. In
order to study the inter-isolate variation of PYVV CP,
216 dsRNA field samples of STA, SPH and SCH were
amplified by RT-PCR and the amplicons were analyzed
by sequencing and SSCP. The amplicons of 77 samples
representing the six observed SSCP patterns were
sequenced. To estimate the intra-isolate variability of
the field isolates, that is the presence of different PYVV
variants within one field isolate, the RT-PCR amplicons
of the CP gene of PYVV from 5 STA and 3 SPH isolates
were cloned. Between 3 and 32 clones of each isolate
were subsequently analyzed by SSCP and sequencing.
A total of 109 clones were analyzed by SSCP and 35
clones were sequenced.

RESULTS AND DISCUSSION

SSCP patterns from field virus isolates. Six different
SSCP patterns (A to F) were found in the 216 evaluated
field samples. The different patterns, simple and
complex are shown in Figure 1. The SSCP patterns A,
C and E are the simplest (with three clear bands), as
compared to the B, D and F patterns that showed 4 to
8 bands. The six patterns were found at least once in

Figure 1. Six patterns of SSCP obtained from field isolates of Solanum tuberosum subsp. TA and Solanum
phureja. Patterns were named A to F. For comparison, all the gels (I, II and III) included Pattern A. L. Simple (E)
and complex (B, D, and F) patterns are shown. II. Patterns A and C are shown. IIl. Patterns A and E are shown.
The number of each lane corresponds to the isolate sample number.
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different plants of the two major species evaluated. The
most common pattern was A, present in 66% of all the
isolates and in the 5 departments, 58% of STA (67 of 115
samples) and 75% of SPH (75 of 100 samples) (Table 1).
Pattern E was found only in Cundinamarca with a low
percent (1%), represented by one isolate from SPH and
one from STA. In SPH, the second most common pattern

Rodriguez, PA.; Franco, L.; Guzmén, M.

was C (10%), followed by B (7%) and F (6%) and finally D
and E in 1% of the samples. In STA, Pattern F was present
in 17% of the samples, Bin 12%, D in 10% and E and C in
low percentages of 1% and 2%, respectively.

Sequence analysis of viral field isolates. CP gene
sequences of 588 bp from 77 isolates, representing

Table 1. Distribution of SSCP patterns for three potato species in five Colombian departments.

Total Number of samples and percent per pattern
Group Department number of
samples A B C D E F
Solanum phureja Antioquia 33 30(30%) 0 (0%) 2 2%) 0 (0%) 0 (0%) 1(1%)
GPH) Cauca 10 9 (9%) 0 (0%) 1(1%) 0 (0%) 0 (0%) 0 (0%)
Cundinamarca 28 20 (20%) 1 (1%) 1 (1%) 0 (0%) 1(1%) 5 (5%)
Narifio 29 16 (16%) 6 (6%) 6 (6%) 1(1%) 0 (0%) 0 (0%)
Subotal 2 100 75(75%) 7(7%) 10 (10%) 1 (1%) 1(1%) 6 (6%)
Antioquia 16 10 (9%) 3 (3%) 1 (1%) 1(1%) 0 (0%) 1 (1%)
Solanum tuberosum  BOyaca 31 19 (17%) 5 (4%) 0(0) 6 (5%) 0 (0%) 1(1%)
ssp. andigena (STA)  cundinamarca 32 21(18%) 3 (3%) 1(1%) 4 (3%) 1(1%) 2 (2%)
Narifio 36 17 (15%) 3 (3%) 0 (0%) 0 (0%) 0 (0%) 16 (14%)
Subtotal 2 115 67 (58%) 14(12%)  2(2%)  11(10%) 1 (1%) 20 (17%)
(Ssoéi";“m chaucha i dinamarca 1 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 1 (100%)
Total b 216 142 (66%) 21 (9.8%) 12(5.6%) 12(5.6%) 2(0.09%) 27 (13%)

2 Subtotal: Calculated as the percent of positive samples in the total sample per species.

b Total: Calculated as the percent of positive samples in the total sample of the three species.

about 75% of the central part of the gene, were
obtained. Ofthese, 17 were uploaded to the GenBank
database (Table 2). The average nucleotide distance
estimated for the 77 isolate sequences was 0.006
+0.0029. The corresponding amino acid sequences
were used to build a neighbor joining tree. The tree
includes the sequence data, the geographic origin
and the SSCP pattern of the selected isolates (Figure
2). All the isolates were grouped in one single clade
(indicated as a black triangle) separated from the CP
sequences of two closteroviruses, Lettuce infectious
yellows virus (LIYV) and Cucumber yellows virus
Cucumber yellows virus (CuYV) (Figure 2A). The
magnification of the clade (Figure 2B) shows that
the homology of these sequences was more than
99%. The sequences grouped in two big clusters,
with one in the upper part of the tree composed of
very similar sequences, mainly from Cundinamarca
and Boyaca (neighboring departments located in
the center of Colombia). The lower part of the tree
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contains three subclusters, in which samples from
Antioquia, north of Cundinamarca and Boyaca, are
spread. All the isolates from Nariflo concentrate in
one of these subclades. Samples of STA and SPH
were present in all the clades. The different SSCP
patterns did not correlate with geographic origin,
the host species or any particular clade.

SSCP and sequencing analysis of selected clones.
The SSCP of the clones confirmed that A, B, C, D,
E and F were complex patterns composed of two
or more CP gene variants (Figure 3). Some of the
variants seemed to be present in different patterns;
for example, isolates 1093 (pattern A) and 1990
(pattern B) share two different variants (named 1
and 2 in each gel) (Figure 3).

The sequence variability of the different variants

existing in the particular isolates was estimated by
sequencing the complete CP gene of a number
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Figure 2. Neighbor joining tree of partial amino acid sequences of 75% of the CP gene of PYVV obtained
from field Solanum tuberosum subsp. and Solanum phureja isolates. A. Sequences of the CP of all PYVV isolates
separated into an independent clade (shown as a black triangle) of other CP closterovirus (CuYV Cucumber
yellows virus and LIYV Lettuce infectious yellows virus). B. Magnified cluster of the CP gene of PYVV. The numbers
correspond to isolates; letters A to F correspond to SSCP patterns. Colors correspond to the geographic origin
of the samples: purple, Cundinamarca; green, Narifio; yellow, Antioquia; blue, Boyaca; pink, Cauca; red underline
CCCP= Coleccion Central Colombiana de Papa- Corpoica - Tibaitata, Cundinamarca. (*) = Solanum phureja.
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Isolate 1093
(Pattern A)

Isolate 1990
(Pattern B)
M 1 1 2 2 2 3 1 4 M1 2 2 2 5 6 6 1 1

Figure 3 Different migration SSCP patterns in the clones of two PYVV isolates from host Solanum tuberosum
subsp. A. Isolate 1093 (SSCP pattern A) in which at least four different profiles are present in the same gel. B.
Isolate 1990 (SSCP pattern B) showing at least four different profiles in the same gel. The numbers in the upper
part of the lane indicate different variants. Some variants are present in the two isolates.
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Figure 4. Dendogram deduced amino acids of 35 sequences of the full-length CP gene of PYVV derived
from clones obtained from different field isolates and from the Peruvian PYVV accession NM_006063.1. A.
Sequences of the CP of PYVV separate in an independent clade (shown as a black triangle) of CP sequences of
two closteroviruses (CuYV Cucumber yellows virus and LIYV Lettuce infectious yellows virus). B. Magnified cluster
of the CP gene of PYVV from clones of different potato isolates. Numbers correspond to the field isolate, lower
case letters indicate different cloned sequences from the same isolate. Geographic origin is shown with upper
case letters (A) Antioquia, (C) Cundinamarca, (N) Narifio, (CCCP) Coleccién Central Colombiana de Papa.
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Table 2. Samples, species, SSCP patterns and cloning results for PYVV field isolates from three Solanum species
from five Colombian departments.

Sample Solanum Location (department/  SSCP Accession Number Number of  Accession number
code species municipality) Pattern  number for of clones sequenced for sequences of
isolates 2 analyzed by clones clones?
SSCP
1083 SPH Cauca - San Sebastian A GQ344830
1084 SPH Cauca - San Sebastian A GQ397972
1085 SPH Cauca - San Sebastian C
1086 STA Cundinamarca - Sibaté C
1087 STA Cundinamarca - Sibaté A
1088 STA Boyacé - Tunja A
1089 STA Cundinamarca - CCCP E 10 4 JF718306- JF718309
1090 STA Boyaca - Tunja C
1091 STA Boyaca - Tunja A
1092 STA Cundinamarca B 3 3 JF718288-JF718290
1093 STA Cundinamarca - Sibaté A 32 6 JF718311-JF718316
1094 STA Cundinamarca - Sibaté A
1095 SCH Cundinamarca - CCCP F GQ397975
1096 Solanum sp.  Cundinamarca - CCCP F GQ397976 5 5 JF718296-JF718300
1097 STA Boyaca - Tunja A GQ397977
1098 STA Boyacé - Tunja D
1099 STA Boyaca - Tunja A GQ397978
1100 STA Cundinamarca - Sibaté A
1101 STA Cundinamarca - Sibaté A
1102 STA Boyaca - Tunja A
1103 SPH Antioquia - Sonson A GQ397979
1104 SPH Antioquia - Marinilla A GQ397980
1015 SPH Antioquia - Marinilla F GQ397981 11 5 JF718305-JF718301
1106 SPH Antioquia - Marinilla A GQ397982
1107 STA Cundinamarca - CCCP D
1108 STA Narifio - Puerres B GQ397983
1109 STA Narifio - Pupiales B GQ397984
1110 STA Antioquia - Rionegro A GQ397985
1111 SPH Antioquia - La Unién A GQ397986
1112 SPH Cauca - San Sebastian A
1113 SPH Cauca - San Sebastian A
1114 SPH Antioquia - Sonson C GQ397987
1977 SPH Cundinarca - Chipaque E
1980 STA Cundinarca - Chipaque A
1981 STA Cundinarca - Chipaque A
1983 STA Cundinarca - Chipaque A
1984 STA Cundinarca - Chipaque A
1985 STA Cundinarca - Chipaque C GQ397973 6 2 JF718317-JF718318
1986 STA Cundinarca - Chipaque A
292 SPH Cundinarca - Chipaque D 37 5 JF718284-JF718310
3117 SPH Narifio - Puerres D 5 5 JF718291-JF718295
SB30 SPH Cauca A GQ397974

@ Accession numbers in GenBank
STA: Solanum tuberosum subespecies andigena; SPH: Solanum phureja; SCH: Solanum chaucha; CCCP: Coleccion Central Colombiana de

Papa- Corpoica - Tibaitata
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of clones of each isolate. The variability of the 35
cloned sequences was 0.0091 + 0.0030 and the dN/
dS ratio was 0.0001. These sequences were used to
build a dendogram (Figure 4). As with the isolates,
the PYVV CP sequences separated from those of the
closterovirus (CuYV and LIYV) were included in the
analysis (Figure 4A). The sequences derived from the
clones clustered into three groups. The sequences of
clones derived from the same isolate tended to be
identical or generally clustered in the same group
showing low variability. Nevertheless, it was also
possible to detect slight distance differences between
the clones derived from the same isolate (labeled with
the same isolate number and a different low case
letter) (Figure 4B). The selected clones were chosen
and sequenced and 35 representative sequences
were reported in GenBank (Table 2). Figure 4 shows
the dendogram obtained by the alignment of the 35
sequences derived from 8 cloned isolates.

In order to study the inter- and intra-variability
of a population of PYVV in STA and SPH hosts, the
CP gene was analyzed by SSCP and sequencing, as
reported for other viruses (Rubio et al, 1996; Rubio
et al, 2001a; Rubio et al, 2001b; Sambade et al,
2002; Lin et al.,, 2003; Goszczynski and Jooste, 2002).
SSCP was performed in 216 field samples from STA,
SPH and one SCH collected in five departments of
Colombia. Six different SSCP patterns were detected
representing more than two variants, with patterns
A, C and E being less complex than B, D and F. The
six SSCP patterns were found in both hosts, STA and
SPH, but at different proportions (Figure 2b). Pattern
A was the most common, being present in samples
from all departments and detected in more than 60%
of the isolates in STA and SPH. Patterns B and F were
present in 9.8% and 13% of the samples, respectively;
patterns C and D in 5.6% and E in 1% of the samples
or less. Pattern A was more common in SPH than in
STA (78% and 58%, respectively) and B and F were less
common in SPH than in STA (7% and 12%, for B and
6% and 17% for F, respectively). In the SPH patterns,
D and E were present in 1% of the samples, C in 10%
of the samples and F in 6% of the samples. In the STA
patterns, C and E were present at a low frequency (2%
and 1%, respectively), D was present in 10% and F in
17% of the samples (Table 1).These results suggest
that some variants are preferentially represented in
one of the hosts, indicating that the selective pressure
exerted by the two species may be different for these
variants or that the two species may have different
susceptibility to certain PYVV populations.
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The SSCP patterns did not show a definitive association
with the geographic origin of the SPH and STA hosts
(Figure 2B); however, a number of samples from the
neighboring departments of Cundinamarca and
Boyacéa tended to group in one cluster. The isolates
collected in Antioquia spread over several clusters.
Samples from Narifio concentrated in another cluster
but, surprisingly, the isolates from Cauca clustered
with the isolates of Cundinamarca and Boyaca but
not with the samples of Narifio. These results suggest
that there is movement of PYVV infected potatoes
between the studied regions. There is a certification
program for potatoes in Colombia; however, less
than 10% of the growers use certified potato seeds,
which contributes to the dispersion of viruses and
other pathogens. Although the five departments in
this study are located in three separate geographic
regions, they are connected by roads, thus allowing
for the movement of potentially infected tubers for
potato seeds and commercialization. Dispersion of
PYVV by the insect vector T. vaporariorum may also
be involved.

One sample of a symptomatic SCH collected from
the Coleccion Central Colombiana de Papa (CCCP
Cundinamarca) was included in the analysis. Even
though SCH is not an economically important potato
species in Colombia, it is grown in the Andes and its
response to PYVV infection is potentially important
in understanding the epidemiology of this virus. The
SCH sample was infected with PYVV and was shown
to be the second most common SSCP for Pattern F.

Isolate sequence analysis was performed on 77
samples, representing all the SSCP patterns previously
obtained. The average nucleotide variation of the
CP gene (including one Peruvian and 76 Colombian
isolates) was estimated at 0.006 + 0.0029, thus
confirming previous observations that have suggested
low variability within this gene (Offei et al, 2004;
Guzman et al., 2006). A recent in silico analysis of the
nucleotide and deduced amino acid sequence of the
CP gene of PYVV confirmed that, despite the wide
geographic distribution, different hosts and collecting
years exist; this gene maintains a genetic similarity of
between 97.1% to 100%. This indicates a high spatial
and temporal genetic stability (Chaves et al., 2013). Low
variability has been reported for the CP gene of other
criniviruses such as Cucurbit yellow stunting disorder
virus(CYSDV) and Blackberry yellow vein associated
virus (BYVD), in which the mean nucleotide distance
between different isolates was 0.00294 + 0.00097
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(Rubio et al, 2001a) and 6% (Poudel et al.,, 2012),
respectively. Additionally, in order to estimate the
degree and sense of selection, the dN/dS ratio was
calculated. For the PYVV isolates analyzed in this
study, the dN/dS ratio was 0.002, similar to 0.005 in
BYVD (Poudel et al., 2012) and lower than 0.07048 as
estimated for CYSDV (Rubio et al., 2001a). Negative or
purifying selection has also been reported for other
closteroviruses, such as Citrus tirsteza virus (CTV), in
which the dN/dS between CTV isolates in different
regions varied between 0.02739 and 0.56323 (Rubio
et al, 2001b) and in Grapevine leafroll-associated
virus 1 (GLRaV-1) in which it was 0.2521 (Alabi et al,,
2011). dN/dS ratios<1 have been reported in viruses
of other families (Rodriguez et al., 1989, Vives et al,
2002; Herranz et al., 2008; Komorowska et al., 2011).
Recently, Martelli et al. (2012) proposed a fourth
genus within the Closteroviridae family based on
the divergence of the amino acid sequence of three
taxonomically relevant genes as the criteria, in which
there was more than 25% sequence divergence. RNA
viruses have been considered rapid-evolving entities
that have high mutation and recombination rates
(Holland et al., 1982; Malpica et al., 2002; Worobey
and Holmes, 1999) but the ability to mutate does
not necessary result in high genetic variability
because the genetic structure of a viral population
is also shaped by other evolutionary forces, such as
selection and genetic drift. According to Garcia et
al. (2001), negative selection is the most common
situation for viral proteins and the evolutionary
trend is towards small population diversity and
genetic stability of viral genomes.

The different SSCP patterns observed in the field
isolates reflect the presence of one or more variants
per sample. Since PCR is performed before SSCP,
any of the present variants can be amplified so
the result does not necessarily reflect the actual
composition of the sample. This approach allows for
the detection of different variants without the need
of sequencing. In SSCP, denaturing the treatment
separates the two DNA strands produced by PCR and
since they acquire different secondary structures,
their migration pattern may differ (Rubio et al.,
1996; Goszczynski and Jooste, 2002; Sambade et al.,
2002). So, if only one variant is present per isolate,
a pattern composed of two different bands would
be expected. However, there are cases in which two
different strands renature with the same secondary
structure so their migration patterns could be the
same. When complex patterns are observed, with
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more than two bands migrating differentially,
the presence of several different variants may be
inferred. Each pattern can consist of one or more
virus variants and one variant may be present in
various patterns. The PYVV field isolates studies
showed that the six patterns were composed of
several variants. Different SSCP patterns have been
reported to display different biological activities; for
example, in Beet necrotic yellow vein virus (BNYVV)
(Acosta et al, 2008) and in CTV (Sambade et al,
2002). So far, there is no evidence of a differential
biological behavior between different SSCP patterns
of PYVV.

Evidence of different variants within one field isolate
(Figure 3) was confirmed with the clone sequence
analysis. For example, the clones of isolate 1096
grouped into different clusters, suggesting that
different variants coexist within the same isolate,
although they may differ in few nucleotides (Figure
4B). Populations of plant viruses often consist of a
few genetic variants and many infrequent variants
(Garcia et al.,, 2001). This has been confirmed in this
study for the PYVV populations in Solanum species
in Colombia. For example, in Figure 3, the most
common variants, labeled 1 and 2, were present in
both Patterns A and B and the same variant may be
present in the different isolates, such as clones 2923,
292e, 1105a, 1105d, 1092c, 292b, 1092a, 1093a,
which had the same sequence (Figure 4B).

These results confirm the evolutionary tendencies
observed for other members of Closteroviridae. The
term quasispecies is used to describe a population
of mutant viral sequences that vary around a
consensus sequence (Holland et al,, 1982) and it has
been used to describe the intra-isolate variability
observed within populations of RNA viruses
(Turturo et al, 2005). However, for a population to
be considered a quasispecies, the action of natural
selection has to be demonstrated in the population
rather than in the individual (Lauring and Andino,
2010; Holmes, 2010); a phenomenon known as the
“survival of the flattest”. Our results demonstrate the
existence of variability, but additional tests need to
be performed to demonstrate the adaptive potential
of the different variants within the population.

CONCLUSIONS

Six different SSCP patterns were detected among a
sample of 216 PYVV field potato isolates, suggesting
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inter-isolate variation. Five SSCP patterns presented
complex profiles and one a simple profile. A potato
isolate with a complex SSCP pattern indicates intra-
isolate variation. Complex profiles were more common
and widely distributed than simple profiles.

The presence of several variants in a single field
isolate was confirmed by the SSCP and sequence
analysis of the cloned PYVV of the field isolates.
The evidence shows very similar variants within the
isolates (variability of 0.0091), but not of a single
homogeneous viral population.

Low variability at the nucleotide level with a dN/
dS ratio of 0.002 was observed in the field isolates,
suggesting negative selection against amino acid
changes in the CP of PYVV.

No correlation was observed between the different
SSCP patterns or sequences and the geographic
origin of the samples.
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