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Detection and Confirmation of Potato mop-top virus in Potatoes Produced  
in the United States and Canada 

H. Xu, T.-L. DeHaan, and S. H. De Boer, Canadian Food Inspection Agency, Centre for Animal and Plant Health, 
93 Mount Edward Road, Charlottetown, PEI, Canada, C1A 5T1 

Potato mop-top virus (PMTV), previ-
ously a member of the genus Furovirus, is 
now classified as the type member of the 
genus Pomovirus (18,27). PMTV is an 
important pathogen of potato that can 
cause serious economic losses in suscepti-
ble cultivars (5,23). The virus is transmit-
ted via spores of Spongospora subterra-
nea, the causal agent of powdery scab, and 
persists in soil in resting spores of the 
plasmodiophoromycete for many years (8). 
PMTV causes a spraing disease (necrotic 
arcs in tuber flesh) of sensitive potato cul-
tivars with symptoms similar to those 
caused by the nematode-transmitted To-
bacco rattle virus (TRV, a tobravirus) and 
potato tuber necrotic strain of Potato virus 
Y (PVYNTN, a potyvirus) (7). In addition to 
spraing, PMTV can cause a wide range of 
symptoms on potato foliage including 
stunting, mottling, chevrons, and yellow 
blotches or rings. The leaf symptoms can 
be easily confused with those induced by 
Alfalfa mosaic virus (an alfamovirus) and 
Potato aucuba mosaic virus (PAMV, a 
potexvirus). 

PMTV is an example of a small group 
of viruses in which systemic movement is 
not dependent on coat protein (CP) expres-
sion or virion formation (13). The triple-
gene block (TGB) proteins encoded by 
PMTV RNA2 represent a class of long-

distance RNA movement factors that mo-
bilizes naked but infectious viral RNA 
(6,14). Not all plant parts infected with 
viral RNA, therefore, contain assembled 
virions. Naked RNA may be present in 
symptomless tubers and cause secondary 
infection the following season. The spo-
radic and highly irregular distribution of 
PMTV virions in infected plants may also 
explain, in part, the high variability in 
symptomology, as the CP is required for 
symptom expression (13). 

Detection methods based on the enzyme 
linked immunosorbent assay (ELISA) and 
reverse transcription–polymerase chain 
reaction (RT-PCR) have been evaluated for 
screening potato tubers for the presence of 
PMTV (2,16,19,26). Oligonucleotide 
primers used for detection by RT-PCR 
target the CP gene of PMTV RNA3 and 
TGB operon of RNA2 because these two 
regions are considered to be highly con-
served (3,12,20,24). To increase PMTV 
concentration in potatoes for enhanced 
detection, it has been suggested that tubers 
be stored at an elevated temperature for a 
few weeks or subjected to a fluctuating 
temperature regime prior to testing (25). 
However, accurate detection of PMTV 
remains problematic. 

PMTV is known to occur in the Andean 
region of South America and in northern 
Europe. Its occurrence in private gardens 
in Canada was noted previously (J. D. 
McDonald, personal communication), but 
commercial production of potatoes was 
considered to be free of PMTV in both 
Canada and the United States. Recently, 
however, potatoes with PMTV symptoms 
were discovered in the United States and 
presence of the virus confirmed by ELISA 

and RT-PCR (10). We also detected PMTV 
in potatoes imported from the United 
States into Canada as well as in potatoes 
produced in Canada, but without having 
observed the presence of PMTV symp-
toms. To establish with certainty that 
PMTV was present in tubers that did not 
express clear symptoms of PMTV, we 
applied a combination of methods involv-
ing serological, molecular, and biological 
tests. In this paper we report on the effi-
cacy of the various methods we employed 
for confirming and verifying the presence 
of the virus. In addition, we report on the 
similarity of the CP gene sequence of 
North American and European isolates of 
PMTV and on the selection of primers for 
RT-PCR amplification of PMTV RNA.  

MATERIALS AND METHODS 
Potato tuber samples. Tubers from 

3,221 different lots of seed and ware pota-
toes originating from various sources in 
the United States and Canada were as-
sayed in 2001 and 2002. The tubers were 
collected from various storages and trans-
port trucks but were kept at room tem-
perature or 4°C upon arrival at the labora-
tory. Tubers were sampled by removing a 
0.5-g cone of tissue (1 cm deep and 1 cm 
in diameter) from the stolon (or heel) end 
of dormant tubers. For tubers that had 
broken dormancy, the tissue core was 
taken from the bud (or rose) end. Sampled 
tubers were maintained on pegboards to 
permit resampling of selected tubers as 
required. Cores from 2 to 25 tubers, de-
pending on the sample size, were com-
bined into composite samples for process-
ing and testing. All samples were 
macerated in extraction bags (Bioreba 
AG, Reinach, Switzerland) by pounding 
the tissue with a hammer, and then ex-
tracted and subjected to a RT-PCR test as 
described below. A portion of the RT-
PCR–positive samples were subjected to a 
second extraction and RT-PCR test, fol-
lowed by analyses of restriction fragment 
length polymorphisms (RFLP) in the 
amplicon to confirm the initial positive 
results. Tubers from confirmed positive 
samples, selected on the basis of geo-
graphic origin of the sample, were grown 
out in a greenhouse for further testing. 
Plants generated in the grow-outs were 
tested for PMTV by ELISA, RT-PCR, 
bioassay on an indicator host plant, and 
transmission electron microscopy (TEM) 
as described below. 
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RT-PCR. From each macerated sample, 
100 µl of sap was extracted with the Tri-
Reagent (Molecular Research Center, Inc., 
Cincinnati, OH) as described by the manu-
facturer. Subsequently, the RNA was ex-
tracted with chloroform, precipitated with 
isopropanol, washed with ethanol, and 
suspended in 25 µl (for tuber samples) or 
50 µl (for leaf samples) of RNase-free and 
DNase-free water according to standard 
procedures (22). 

Two sets of primers were used for test-
ing by RT-PCR. Primers C819 (comple-
mentary to bases 797 to 819) and H360 
(homologous to bases 360 to 382) tar-
geted the CP gene of PMTV RNA3 (11) 
(Table 1). Primers pmtF4 (homologous to 
bases 1727 to 1747) and pmtR4 (com-
plementary to bases 2121 to 2143) were 
designed in this study on the basis of 
known sequences of PMTV RNA2 (Gen-
Bank accession no. NC_003725, 
AJ277556, D30753) (Table 1). Primer set 
C819/H360 was used in RT-PCR for 
screening tests, while primer set 
pmtF4/R4 was used for confirmatory 
tests. 

The first strand cDNA synthesis was 
carried out using Moloney murine leuke-
mia virus (M-MLV) reverse transcriptase 
(Invitrogen Canada, Burlington, Canada) 
using the antisense primer. Two microliters 
of the RNA extract was used in a total 
reaction volume of 20 µl containing the 
first strand DNA synthesis buffer supplied 
with the M-MLV RT as well as 50 µM of 
each dNTP (Invitrogen Canada, Burling-
ton, Canada) and 0.5 µM of primer. The 
reaction was run at 37°C for 60 min. One 
microliter of the cDNA solution was then 

amplified in a total volume of 25 µl con-
taining 2.5 mM MgCl2, 0.2 mM of each 
dNTPs, 0.1 µM of each sense and an-
tisense primer, and 2.5 units of Taq DNA 
polymerase (Qiagen Inc., Mississauga, 
Canada) in a buffer supplied with the po-
lymerase. The temperature regime for 
amplification reactions was: initial denatu-
ration for 5 min at 94°C, followed by 35 
cycles of 95°C for 1 min, 64°C for 1 min, 
and 72°C for 1 min. The final extension 
was at 72°C for 5 min. A PTC-100 ther-
mocycler (MJ Research, Inc., Watertown, 
MA) was used for screening tests, and a 
Thermolyne Amplitron II thermocycler 
(Thermolyne Ltd., Dubuque, IA) was used 
for confirmatory testing. PCR products 
were separated on a 1.2% agarose gel, 
stained with ethidium bromide, and visual-
ized under UV light. 

Restriction digestion. PCR amplicons 
generated with the H360/C819 and 
pmtF4/R4 primer sets were digested with 
HindIII and BamHI, respectively. Five-
microliter amplicons were digested with 5 
units of the restriction enzyme at 37°C for 
1 h in a reaction volume of 20 µl using the 
buffer recommended by the enzyme sup-
plier (New England Biolabs, Mississauga, 
Canada). RFLPs were analyzed by agarose 
gel electrophoresis using 2% agarose-1000 
(Invitrogen Canada, Burlington, Canada) 
stained with ethidium bromide and visual-
ized under UV light. 

ELISA. Potato tubers, leaves, and indi-
cator plant leaves were screened for the 
presence of PMTV by standard triple anti-
body sandwich ELISA using a commercial 
kit, Identikit with the Adgen Blue substrate 
(Adgen Ltd., Auchincruive, UK), follow-

ing the procedures recommended by the 
supplier. Tuber or leaf tissues were ho-
mogenized in 1× phosphate buffer contain-
ing 0.02% NaN3, 0.1% Tween 20, and 
0.1% skim milk powder (pH 7.4) at a sam-
ple to buffer ratio of 1:5 or 1:10, and 100 
µl of extracted sap was loaded in duplicate 
on microtiter plates. A panel of positive, 
negative, and buffer controls, in addition to 
the controls supplied with the kit, were 
included on each plate. A value of 2.5× the 
healthy control reading was used as the 
positive threshold, but if absorbance of the 
healthy control was <0.040, a positive 
threshold of 0.100 was used. 

Grow-out and bioassay tests. Selected 
tubers were grown in a commercial soil 
mix in a greenhouse at 15°C for 4 to 6 
weeks. Foliage was observed biweekly for 
symptoms and tested for the presence of 
PMTV by ELISA and RT-PCR as de-
scribed above. Leaf sap (1 g per 5 ml of 
phosphate buffer, pH 7.2) was also inocu-
lated to leaves of the indicator host plant, 
Nicotiana debneyi, by mechanical rubbing 
with Carborundum powder. Indicator 
plants were grown in a greenhouse at 
15°C. Inoculated N. debneyi plants were 
observed for virus symptoms and tested for 
PMTV by ELISA and RT-PCR regardless 
of whether or not symptoms developed. 

Electron microscopy. Leaves from the 
grow-out plants and inoculated N. debneyi 
plants were submitted to the Centre for 
Plant Health, Sidney, BC, Canada. The 
presence of PMTV-like particles was de-
termined by immunocapture from leaf 
dips, negatively staining and visualization 
with a Hitachi H-7100 transmission elec-
tron microscope. 

Sequencing. Two sets of primers, 
H360/C819 and pmt1/pmt2, were used to 
generate amplicons for sequencing por-
tions of the CP gene. Primers pmt1 (ho-
mologous to bases 268 to 288) and pmt2 
(complementary to bases 801 to 820) were 
designed in this study (Table 1) on the 
basis of published sequences of the Scot-
tish isolate T (9) and two Swedish isolates 
(Sw) (GenBank accession no. NC_003724 
and AJ2243719). Pmt1/pmt2 was used for 
two isolates (H2, H4) from Canadian pota-
toes and H360/C819 for one Canadian 
isolate (OT2) and three isolates (US450, 
US542, US834) from potatoes grown in 
the United States. Amplified DNA was 
purified with PEG 8000 followed by pre-
cipitation with 0.25 M KAc and 2 volumes 
of 95% ethanol. The PCR products were 
submitted for sequencing by the dye ter-
minator cycle sequencing method (York 
University, Toronto, Canada). PMTV se-
quences were compared with the known 
sequences of PMTV isolates T and S from 
Scotland (GenBank accession no. D16193 
and AJ224991), two isolates (Korneta and 
54-10) from the Czech Republic (GenBank 
accession no. AF393507 and 478408), and 
two isolates (Sw1, Sw2) from Sweden 
(GenBank accession no. NC_003724 and 

Table 2. Detection of Potato mop-top virus (PMTV) by triple antibody sandwich enzyme-linked im-
munosorbent assay (ELISA) and reverse transcription–polymerase chain reaction (RT-PCR) in bulked 
samples in which tissue from PMTV-infected tubers was combined with tissue from healthy tubers at
different ratios to form composite samples 

 Ratio of diseased to healthy tissue 

Parameter 1:0 1:10 1:25 1:50 1:100 

ELISA      
Mean 1.003a 0.209 0.071 0.029 0.011 
SDb 0.807 0.174 0.086 0.039 0.02 

RT-PCR      
Mean 2.7c 2 1.9 1.9 0.9 
SD 0.5 0.6 0.7 0.7 0.7 

a Mean absorbance minus background. 
b Standard deviation (n = 7). 
c Visual rating of amplicon band in gel electrophoresis on a scale of 0 to 3: 0 = no visible band, 1 =

weakly visible band, 2 = moderate band, 3 = strong band. 

Table 1. Primer pairs used in reverse transcription–polymerase chain reaction (RT-PCR) amplification 
of Potato mop-top virus (PMTV) RNA in this study 

Primer pair Sequence Product Target Ref. 

C819 5′-CTATGCACCAGCCCAGCGTAACC-3′ 460 bp Coat protein 11 
H360 5′-CATGAAGGCTGCCGTGAGGAAGT-3′    
pmtF4 5′-CAGCAACCACAAACAGACAGG-3′ 417 bp RNA 2 This study
pmtR4 5′-AAGCCACTAACAAAACATACTGC-3′    
pmt1 5′-T CTCGGATACCAC CCT TGGA-3′ 553 bp Coat protein This study
pmt2 5′-CTATGCACCAGCCCAGCGT-3′    
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AJ243719). Sequences were aligned using 
Clone Manager (6.0) (Sci Ed Central, Dur-
ham, NC).  

RESULTS 
Preliminary RT-PCR tests. In prelimi-

nary tests, 460- or 417-bp amplicons were 
generated by RT-PCR using primer sets 
H360/C819 or pmtF4/R4, respectively, 
from RNA templates extracted from foli-
age and tubers of control plants infected 
with PMTV. RNA extracts from foliage of 
control plants infected with other viruses 
or viroid, including PAMV, Potato leafroll 
virus (PLRV, a polerovirus), Potato spindle 
tuber viroid (PSTVd), Potato virus M 
(PVM, a carlavirus), Potato virus X (PVX, 
a potexvirus), PVY common strain 
(PVYO), PVYN strain, and TRV, were also 
tested in RT-PCR using these primer sets 
to determine specificity. None of them 
yielded amplification products. When tem-
plate RNA extracted from leaf sap of 
PMTV-infected plants mixed with sap of 
plants infected with any of the other vi-
ruses, the expected 460-bp amplicon was 
obtained in RT-PCR with primer pair 
C819/H360. 

To evaluate the sensitivity of the RT-
PCR test with primers C819/H360, sap 
from PMTV-infected tubers was mixed 
with sap from healthy tubers in a dilution 
series from 1:0 to 1:100. Readily detect-
able 460-bp amplicons were detected in 
samples with an infected:healthy ratio of 
1:50 (Table 2). For PMTV surveillance 
testing, however, sample bulking ranged 
from to 2 to 25 cores per composite. 

Surveillance testing. Potatoes from 30 
provinces and states were tested for the 
presence of PMTV (Table 3). Potato lots 
for testing were selected on the basis of 
availability rather than on the basis of a 
statistically valid survey plan, invalidating 
any attempt to determine virus incidence 
or distribution on the basis of the data. The 
number of potato lots tested per state or 
province varied from 1 to 653. Tubers for 
testing represented seed and ware (i.e., 
processing and tablestock) consignments 
originating from western, central, and 
eastern states and provinces of the United 
States and Canada. Although the origin of 
some of the potato lots was not determined 
with certainty, as some lots may have been 
trans-shipped via other states, it is clear 

that PMTV was widely distributed 
throughout the United States and Canada. 
Of the 3,221 potato lots tested, 139 were 
positive for PMTV in the RT-PCR test 
(Table 3). 

Confirmatory and verification tests. 
Individual tubers representing 33 different 
potato lots from 12 states/provinces that 
tested positive for PMTV in the initial 
screening test were retested to confirm the 
validity of the initial test and as a check for 
false positive results. RNA was re-
extracted from fresh tissue samples and 
amplified by RT-PCR using the 
C819/H360 primer set. In each case, RT-
PCR amplicons of 460 bp were obtained 
which digested into 160- and 300-bp frag-
ments upon treatment with HindIII (Fig. 
1). Retested samples that gave the ex-
pected RT-PCR and RFLP results were 
considered confirmed positive. Re-
extracted RNAs were also amplified with 
the pmtF4/R4 primer set, and the resulting 
amplicons of 417 bp digested by BamHI 
yielded two fragments, 239 and 178 bp 
(Fig. 1). 

Tubers representing 11 of the confirmed 
positive potato lots were planted in the 
greenhouse to produce foliage for further 
testing. Symptoms of PMTV were not 
observed on the potato foliage. However, 
PMTV was detected by ELISA in five of 
the grow-out plants (Table 4). The foliage 
from the ELISA-positive plants was also 
positive for PMTV by RT-PCR and con-
firmed by RFLP analysis of the amplicon. 
Indicator N. debneyi plants inoculated with 
leaf sap from the ELISA-positive plants 
developed a blotchy mosaic, not entirely 
characteristic of PMTV. The presence of 
PMTV in these indicator plants, however, 
was confirmed by ELISA and RT-
PCR/RFLP. The presence of PMTV-like 
rods in the 100 to 150 nm and 250 to 300 
nm length ranges were observed by TEM 
in samples prepared from two of the grow-
out potato plants and all the indicator host 
plants (Table 4). Some progeny tubers 
produced on grow-out plants developed 
spraing symptoms after 4 weeks in storage 
at 4 to 8°C (Fig. 2). 

Sequence analysis. The complete coat 
protein gene sequence of Canadian isolate 
H2 was deposited in GenBank as accession 
AY327117. Portions of the PMTV CP 
gene sequences of the North American 

isolates based on either primer pair 
C819/H360 or pmt1/pmt2 shared >97% 
identity with four European isolates. De-
spite the fact that all the sequences of the 
analyzed portion of the CP gene were very 
similar, it was clear that the sequence of 
two Canadian isolates (H2 and H4) more 
closely matched the sequence of the Swed-
ish isolates (Sw1 and Sw2) and the Czech 
isolates (54-10 and Kor) than a third Cana-
dian (OT2) and the United States isolates 
(US450, 542, and 834) (Fig. 3).  

DISCUSSION 
Until this study was initiated, PMTV, a 

pest of quarantine status in both the United 
States and Canada, was believed to be 
absent from commercial potato production 
in North America (1). After it appeared 
that we detected PMTV in 4.3% of potato 
consignments during surveillance of im-
ported and domestic potatoes in Canada, 
our study concentrated on unequivocal 
identification of PMTV in potatoes from 
North American sources. Although our 
results clearly indicated that the virus was 
widespread throughout the potato-growing 
regions of the United States and Canada 
(Table 3), the actual incidence and distri-
bution could not be deduced from the data 
due to the irregular number of samples 
tested from any one area. 

Table 3. Incidence of Potato mop-top virus (PMTV) detection in the western, central, and eastern
zones of the United States and Canada 

 Number of potato lots 

Zonea 
Number of states and  

provinces tested Tested Positive for PMTV 

Western 10 1,133 29 
Central 8 163 34 
Eastern 12 1,859 76 
Unknown Unknown 66 0 
Total 30 3,221 139 

a Zones correspond approximately, but not entirely, to Pacific plus Mountain time zone, Central time
zone, and Eastern plus Atlantic time zone for the western, central, and eastern zones, respectively. 

Fig. 1. Reverse transcription–polymerase chain 
reaction (RT-PCR) products obtained from 
RNA extracted from Potato mop-top virus
(PMTV)-infected tubers and fragments obtained 
after digestion of PCR amplicons with restric-
tion endonucleases. Initial RT-PCR tests were 
performed using primer set C819/H360, A,
followed by HindIII digestion, B, for confirma-
tion of amplicon identity. Additional RT-PCR 
tests were performed using primer set 
pmtF4/R4, C, followed by BamHI digestion, D.
Lane M, molecular size marker DNA; lane H, 
RT-PCR product from healthy tubers (A and C); 
lanes A1-3 and C1-3, RT-PCR product from 
PMTV-infected tubers; lanes B2-4 and D2-4, 
amplicon digestion products; lanes B1 and D1, 
undigested products for comparison.  
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The RT-PCR test was the basis of our 
indexing procedure. The procedure is 
costly and labor intensive compared with 
ELISA, which is used routinely for testing 
other potato viruses, but RT-PCR has the 
required sensitivity for a virus that is often 
present at low concentrations in the plant 
(2). The erratic distribution of the virus 
presented additional challenges to confirm-
ing and verifying the accuracy of the test 
results (25). Although RT-PCR is highly 
sensitive, it is also prone to false negative 
results due to the presence of PCR inhibi-
tors in the RNA extracts, and to false posi-
tive results due to cross-contamination 
within the laboratory or priming with non-
PMTV-derived DNA. In our study to show 
that PMTV was present in North American 
potatoes that did not express spraing symp-
toms, the challenge was to ensure that any 
positive results reflected the presence of 
actual virus in the sample. The consistent 
reproducibility of the RT-PCR tests of 
tissue re-extracted from potato tubers that 
were positive in the initial RT-PCR test 
suggested that initial positives were true 
positives and not due to cross-
contamination from control extractions. 
Since the RT-PCR test used initially tar-
geted the CP gene in RNA3, additional 
evidence for PMTV was obtained by a 
second RT-PCR using a primer set selected 
to target RNA2. The RFLP analysis of RT-
PCR amplicons was a necessary confirma-
tion of amplicon identity—proof that the 
amplicons were indeed derived from 
PMTV genes. 

Actual disease caused by PMTV in po-
tato was not an issue at the commencement 
of our study, but subsequently, spraing 
symptoms typical of PMTV have been 
detected in both U.S.- and Canadian-grown 
potatoes (10; unpublished observation). At 
issue was the presence of the virus in as-
ymptomatic potato tubers. In the absence 
of disease, Koch’s postulates, the principle 
criteria for establishing disease etiology, 
were not directly applicable (4). Neverthe-
less, we followed the basic tenets of 
Koch’s postulates to support the identifica-
tion of PMTV. 

Whether it was due to the greenhouse 
growing conditions or the tolerance of the 
potato cultivars, symptoms of PMTV were 
not evident on the foliage of plants grown 

from tubers positive for PMTV in RT-PCR. 
Furthermore, PMTV was detected in less 
than half of the grow-out plants, probably 
because of the uneven distribution of the 

 

Fig. 3. Phylogram depicting the relationship among Potato mop-top virus (PMTV) isolates based on 
alignment of nucleotides in the coat protein gene. Multi-way DNA alignment was performed (Mis-
match: 2 nucleotides; Open Gap: 4; Extended Gap: 1). PMTV isolates include one (T) from Scotland, 
two (Sw1 and Sw2) from Sweden, two (Kor and 54-10) from the Czech Republic, three (PMT2, 
PMT4, and OT2) from Canada, and three (US452, US450, and US834) from the United States. 

 

Fig. 2. Spraing symptoms on progeny potato tubers grown in the greenhouse (at 15 to 18°C) from 
potato tubers (cv. Alpha) determined to be infected with Potato mop-top virus (PMTV). A and C,
external symptoms. B and D, internal symptoms.  

Table 4. Results of series of tests conducted to verify the presence of Potato mop-top virus (PMTV) in selected potato tubers  

 Tests applied to grow-out plantsa Tests applied to bioassay on Nicotiana debneyi 

Tuber number Symptoms ELISA RT-PCR/RFLP EM Symptoms ELISA RT-PCR/RFLP EM 

1  –b – – ND ND ND ND ND 
2 – + + + +/– + + + 
3 – + + + +/– + + + 
4 – – – ND ND ND ND ND 
5 – – – ND ND ND ND ND 
6 – + + – +/– + + + 
7 – + ND ND +/– + + + 
8 – + + – +/– + + + 
9 – – – ND ND ND ND ND 
10 – – – ND ND ND ND ND 
11 – – + ND ND ND ND ND 

a ELISA, enzyme-linked immunosorbent assay; RT-PCR, reverse transcription–polymerase chain reaction; RFLP, restriction fragment length polymorphism; 
EM, electron microscopy. 

b –, negative for PMTV; +, positive for PMTV; +/–, suggestive or weakly positive for PMTV; ND, test not done. 
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virus. In Europe, it is known that PMTV-
infected seed tubers can give rise to unin-
fected stems (25). PMTV enters progeny 
tubers via the stolon (hence our targeting 
of the stolon end for sampling dormant 
tubers) and moves erratically through the 
rest of the tuber. Upon dormancy breaking, 
the virus presumably migrates to or multi-
plies in physiologically active tissue 
(hence our sampling of rose-end tissue for 
tubers that had broken dormancy), but 
there are no experimental data that support 
the perception of such movement, multi-
plication, and distribution of PMTV in 
potato tubers (15). It was not surprising, 
therefore, that only a fraction of the grow-
out plants were infected with PMTV, 
since it is unlikely that PMTV is present 
in all eyes of infected tubers (25). Fur-
thermore, the tubers used for grow-outs 
were in generally poor condition, having 
been sampled at least twice for laboratory 
testing. The positive ELISA results pro-
vided evidence for the presence of PMTV 
virions in the RT-PCR–positive grow-out 
plants, and infectivity was confirmed by 
disease development in inoculated indica-
tor host plants. Characterization of PMTV 
by ELISA, RT-PCR, and TEM in some of 
the indicator plants established the iden-
tity of the virus unequivocally. Finally, 
the development of spraing symptoms on 
some tubers produced on grow-out plants 
fulfilled another tenet of Koch’s postu-
lates (4). 

Cumulatively, our data provide adequate 
proof that PMTV is present in the North 
American commercial potato industry. 
However, the erratic confirmation of 
PMTV in plants grown from tubers that 
were positive for the virus by routine in-
dexing exemplifies the difficulty that may 
be encountered in screening potato lots for 
the virus. In our study, we made no attempt 
to ascertain whether any false negative 
tests occurred, but evidence for nonuni-
form distribution of the virus in individual 
tubers suggests that the presence of the 
virus may not be detected in infected tu-
bers unless multiple portions of the tuber 
are tested. Inconsistent ELISA and RT-
PCR test results have been reported previ-
ously (2,15,17,25). 

The sequences of the CP genes of 
PMTV isolates from Canada and the 
United States were essentially identical to 
one another and similar to those of Euro-
pean isolates (Fig. 3). Whether this simi-
larity indicates a recent origin from Europe 
or is evidence of genetic stability was not 
determined. The wide distribution of 
PMTV (Table 3) suggests that it has been 
in the Canadian and U.S. industries for 
many years. Moreover, conservation of the 

coat protein gene sequence among isolates 
from Scotland, Scandinavia, and the Peru-
vian Andes has been reported (12,21). A 
uniform and stable CP gene will ensure 
that serological and molecular detection 
methods based on the coat protein are as 
effective for the North American strains as 
for the European and Andean strains.  
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