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Stability in Population of Phytophthora infestans Attacking Tomato in Ecuador
Demonstrated by Cellulose Acetate Assessment of Glucose-6-Phosphate Isomerase

Lynn J. Erselius, Miguel E. Vega-Sánchez, and Gregory A. Forbes, International Potato Center (CIP), P.O. Box
17-21-1977, Quito, Ecuador

The population of Phytophthora in-
festans (Mont.) de Bary in Ecuador is
made up of at least two host-specific clonal
lineages (15). Recent studies demonstrated
that almost all isolates taken from potato
belong to the clonal lineage EC-1 (4) and
almost all isolates taken from tomatoes
belong to the clonal lineage US-1 (15).
EC-1 has some characteristics found in
European populations of the pathogen (4).
US-1 is found globally and was the pre-
dominant clonal lineage outside North
America until the 1980s (7). Both EC-1
and US-1 are A1 mating type. A Phy-
tophthora sp. population with A2 mating
type that attacks the wild hosts Solanum
brevifolium and S. tetrapetalum in Ecuador
was tentatively described as the EC-2
clonal lineage of P. infestans (14). How-
ever, its species designation is still uncer-
tain and there is no evidence for sexual
recombination between this A2 population
and the A1 lineages in Ecuador (14).

Isolates taken from tomato in Ecuador in
the past were US-1 (15), with the 86/100
banding pattern for glucose-6-phosphate

(Gpi) isomerase. Neither EC-1 nor EC-2
has the 86/100 pattern for Gpi. Therefore,
should a genotype from either of these
lineages evolve aggressiveness on tomato
and replace US-1 on that host, the change
would be readily detectable by assessment
of Gpi alone. The loss of the 86 allele can
also occur within the US-1 lineage, thus
resulting in a 100/100 homozygote (7) but,
in this case, the lineage can be identified
with other markers, especially restriction
fragment length polymorphisms (RFLPs; 7).

The tomato population in Ecuador could
also potentially be displaced by a clonal
lineage or sexual population introduced
from another part of the world. Long-dis-
tance transport of this pathogen occurs
primarily on potato tubers (6), and most
tubers introduced into Ecuador or neigh-
boring countries (for seed or human
consumption) come from the United
States, Canada, or Europe. The 86/100
pattern of Gpi is extremely rare at this time
in the United States, Canada (9), and
Europe (3,5,6,12,16,17). Therefore, if new
lineages or sexual populations that attack
tomato are introduced into Ecuador from
these areas, it is highly probable they
would also be easily detectable by assess-
ment of Gpi.

Electrophoresis using cellulose acetate
membranes is a simple, fast technique for
distinguishing the 86/100 Gpi banding
pattern from other Gpi banding patterns
(8). With this technique, assessments can

be made directly from diseased tissue,
without the need to isolate the samples in
pure culture (8). This greatly reduces the
time needed to process individual samples.

Cellulose acetate has been used to iden-
tify allozyme phenotypes of isolates and
characterize populations of P. infestans in
the United States (8,9). In the current
study, we use this method to test the hy-
pothesis that no change has occurred
within the population of P. infestans at-
tacking tomato in Ecuador. We also sug-
gest areas of the world where a similar
approach may provide a rapid and inexpen-
sive technique for monitoring change in the
populations of P. infestans attacking to-
mato or potato.

MATERIALS AND METHODS
Infected leaflets were collected from to-

mato fields in central and northern Ecuador
between January 1998 and March 1999
(Table 1). Leaflets were sampled at random
on a single transect across each field. When
possible, at least five leaflets were taken
from each field, but only one lesion was
taken from any single plant. Blighted pota-
toes in adjacent fields were also sampled.

Some lesions were tested immediately
after returning from the field. Others were
rinsed either in 0.5% hypochlorite solution
or distilled water, then patted dry with
paper towels and incubated overnight in
humid chambers at 15°C to encourage
sporulation. Some diseased leaflets in poor
condition from the first sampling in Palla-
tanga (Table 1) were used to inoculate
leaflets of the tomato cultivar FMX-93,
which has no known Ph genes for race-
specific resistance. First, a drop of water
(approximately 50 µl) was placed on the
adaxial side of a healthy FMX-93 leaflet.
Then, a small piece of diseased tissue from
a collected leaflet was inserted into this
drop. Inoculated leaflets were incubated in
the lids of inverted petri dishes at 15°C
with 14 h/day of fluorescent light as de-
scribed previously (15). Gpi was assessed
using the new lesions after 5 or 6 days of
incubation.

Gpi was extracted from diseased tissue
as described previously (8), but with slight
modifications. Small pieces of sporulating,
infected tissue (approximately 1 cm2) were
cut from the edge of lesions and placed
into 1.5-ml Eppendorf tubes with 100 µl of
distilled water. The tissue pieces were then
ground manually with a polyurethane tip,
which closely fit the form of the Eppendorf
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tube. The extracts were then centrifuged
for about 30 s at 14,000 rpm (16,000 × g),
put on ice, and used immediately for
electrophoresis as described previously (8).
A total of 12 samples were run on a single
cellulose acetate gel, and sometimes two
gels were run at the same time. Known
controls for the Gpi banding patterns
86/100 and 90/100 were included on each
gel. These samples were either extracted
from infected leaf tissue as described
above or from lyophilized tissue as
described previously (8).

RESULTS
Late blight was found on tomatoes in

most collection trips. Late blight was not

found, however, in a large tomato-produc-
ing region in northern Ecuador known as
El Chota, or in several greenhouses in the
valley of Los Chillos near the capital city
of Quito. Furthermore, late blight was not
always severe at the other sites, as, for
example, in Guayabamba in March 1999,
which sometimes limited the number of
samples that could be collected (Table 1).

In general, the procedure for measuring
Gpi from field-infected lesions worked
very well. Gpi banding patterns were easy
to distinguish and fewer than 10 lesions
had to be repeated. Patterns from infected
tissue were at times slightly more smeared
than those coming from lyophilized tissue
of a pure culture of P. infestans, but this

did not interfere with identification of the
86/100 pattern or the single band of the
lesions on potato leaflets (Fig. 1). The
presence of host tissue did not affect the
banding pattern.

Of the 192 lesions tested, 160 came
from tomato and 32 came from potato. All
tomato lesions except two produced three
distinct bands, identical to those of the
86/100 control isolate, and all potato iso-
lates produced a single band at the migra-
tion distance of the 100 allele, as did the
90/100 control isolate (Fig. 1), which has
the same phenotype as EC-1. Two isolates
from tomato collected in Pallatanga in
January 1998 (Table 1) produced a single
band, like isolates from potato.

DISCUSSION
Current sampling indicated that the

population of P. infestans attacking tomato
in Ecuador is most likely US-1 and no
change was detected since a more exhaus-
tive study was done using isolates col-
lected between 1993 and 1995 (15). This
hypothesis is supported by several obser-
vations. The 86/100 banding pattern for
Gpi does not occur in the local clonal line-
ages EC-1 (4) or EC-2 (14), nor is it com-
mon in populations in the United States,
Canada (9), and Europe (3,5,6,12,16,17). It
is thus unlikely that a new tomato-
aggressive genotype from a local or foreign
source would have the 86/100 banding
pattern for Gpi. Furthermore, if a new
genotype of P. infestans with 86/100 for
Gpi had been introduced, it would
probably have been brought in on potato
tubers (tomato plantlets and fruits are not
imported) and, as such, would be a potato-
aggressive population. At this time, we
have no evidence of a potato-aggressive
population in Ecuador with the 86/100
banding pattern. For these reasons, we
conclude that the population of P. infestans
attacking tomato in Ecuador has been
stable for at least the last 5 years. The
available evidence suggests that US-1 was
the predominant clonal lineage on potato in
the Andes during the 1980s (4,7). It is
reasonable to assume, therefore, that it was
also the predominant clonal lineage
attacking tomato at that time.

Our study has implications for tomato
and potato disease management in Ecua-
dor. There is evidence from studies in
North America that genotypes of P. in-
festans exist that are highly aggressive on
both hosts (13). If a population of the
pathogen that attacked both hosts equally
were introduced into Ecuador, it would
make disease management more difficult.
Potatoes are generally grown at higher
elevations than are tomatoes in Ecuador,
but the production zones often overlap.
There also is a tendency at this time to
grow tomatoes at higher elevations in
greenhouses. These tomatoes are often
found directly within potato production
zones.

Fig. 1. Glucose-6-phosphate isomerase banding patterns of extracts of Phytophthora infestans
produced on cellulose acetate. Lane 1, lyophilized tissue of an isolate with a known 100/100
phenotype from the Cornell University collection of P. infestans; lane 2, lyophilized tissue of an
isolate collected previously from potato in Ecuador and identified as 90/100 phenotype with starch
gel electrophoresis; lane 3, infected tissue from potato leaflet—pathogen assumed to have 90/100
phenotype; lane 4, lyophilized tissue of an isolate collected previously from tomato in Ecuador and
identified as 86/100 phenotype with starch gel electrophoresis; lane 5, infected tissue from tomato
leaflet—pathogen assumed to have 86/100 phenotype; and lane 6, lyophilized tissue of an isolate
with a known 86/100 phenotype from the Cornell University collection of P. infestans. The 90/100
pattern can be distinguished from 100/100 on starch gels but not on cellulose acetate.

Table 1. Glucose-6-phosphate isomerase banding patterns produced on cellulose acetate by extracts
from blighted tomato and potato leaflets that were collected in fields at different locations in Ecuador

Banding pattern

Host and date Nearest towna No. of fields No. of samples 86/100 Single bandb

Potato
January 1998 Pallatanga 1 1 0 1
January 1998 Pallatanga 1 18 0 18
June 1998 Guayabamba 1 10 0 10
March 1999 Guayabamba 2 3 0 3

Tomato
January 1998 Pallatanga 2 12 10 2
January 1998 Guamanpata 2 12 12 0
May 1998 Alchichipa 2 6 6 0
May 1998 Alobuela 1 2 2 0
June 1998 Tabacundo 1 9 9 0
June 1998 Guayabamba 4 33 33 0
June 1998 Guayabamba 2 22 22 0
December 1998 Pallatanga 7 36 36 0
March 1999 Puellaro 1 10 10 0
March 1999 Alchichipi 1 16 16 0
March 1999 Guayabamba 2 2 2 0

Total … 25/5c 192 158 34

a Nearest town to sampling location. More precise information on the location of samples can be
supplied by the corresponding author.

b These lesions produced a single band on cellulose acetate. EC-1 isolates from potato characteristi-
cally produce a 90/100 banding pattern starch gels, but only produce a single band (identical to
100/100) on cellulose acetate.

c Total number of fields: 25 tomato and 5 potato.
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The data also have clear implications for
fungicide management. EC-1, the clonal
lineage attacking potato, has a high fre-
quency of genotypes resistant to metalaxyl
(4). This is undoubtedly one of the reasons
that metalaxyl is not used frequently for
control of late blight on potato in Ecuador
(2). We are not aware of the usage patterns
of metalaxyl for tomato, but studies con-
ducted a few years ago indicated that high
levels of resistance to this fungicide are not
common in the US-1 clonal lineage at-
tacking tomato in Ecuador (15). Although
US-1 can become resistant to metalaxyl
(10,11), fungicide-management strategies
could reduce selection for resistant geno-
types. Population migration was also asso-
ciated with increased resistance to
metalaxyl (6) and the potential for intro-
duction of populations already resistant to
metalaxyl exists for Ecuadorian tomato
producers. For these reasons, monitoring of
the tomato pathogen populations should
continue. Until the pathogen population
becomes more complex, cellulose acetate
appears to be a relatively fast and inexpen-
sive way of screening large numbers of
lesions. More informative markers may be
used on sub-samples, to confirm the results
of cellulose acetate.

The data are consistent with an earlier
study (15) showing that populations of P.
infestans attacking potato and tomato in
Ecuador are quantitatively host specific. In
that study, cross inoculation on detached
leaflets showed that each clonal lineage is
able to attack both hosts, but lesion size is
greater on the original host. None of the
isolates we examined from potato in this
study had the 86/100 banding pattern,
while almost all isolates from tomato did.
Therefore, we conclude that potato and
tomato are still attacked by host-specific
populations of P. infestans in Ecuador.
These host-specific populations can, on
rare occasions, be isolated from their alter-
native hosts; two of our isolates from to-
mato were apparently from the potato
population. Nonetheless, genotypes of P.
infestans in Ecuador do not appear to pose
a real epidemiological threat to their alter-
native hosts (15).

There appears to be no evidence that the
two tomato lesions apparently caused by
EC-1 represent a subpopulation that had

evolved pathogenic aggressiveness on to-
mato. Or, if they do, this genotype was
apparently not competitive with US-1 for
other reasons. All lesions collected 1 year
later from tomato plants in the same region
produced the 86/100 banding pattern, and
are assumed to be US-1. Therefore, EC-1
does not appear to have established itself
on tomato in the region.

Cellulose acetate electrophoresis pro-
vides a convenient and rapid method for
surveying the population of P. infestans
directly from lesions when it is known that
the population is clonal and has a unique or
rare Gpi or Pep banding pattern (9). This
simple and rapid monitoring procedure
could be very useful in regions or countries
where the US-1 lineage is still the pre-
dominant population on potato (and pre-
sumably tomato), such as in sub-Saharan
Africa, Chile, and Australia (unpublished
data), or only on tomato, such as in Brazil
(1). We believe that the introduction of
foreign genotypes into these areas would
most probably result in changes in the Gpi
pattern that could be easily detected with
cellulose acetate. The arguments we gave
which support this hypothesis for Ecuador
would also apply to other countries where
US-1 is still predominant.
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