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ABSTRACT

Oyarzun, P. J., Pozo, A., Ordofiez, M. E., Doucett, K., and Forbes, G. Ao the globally distributed US-1 clonal lineage. RFLP fingerprints of
1998. Host specificity oPhytophthora infestans on tomato and potato in  isolate subsets corroborated this clonal lineage classification. Specific
Ecuador. Phytopathology 88:265-271. virulence on potato differentials was broadest among potato isolates,
while specific virulence on tomato cultivars was broadesirgmomato

Sixty Ecuadorian isolates d¢fhytophthora infestans from potato and isolates. Some tomato isolates infected all tomato differentials but no
60 isolates from tomato were compared for dilocus allozyme genotypgotato differentials, indicating that specific virulence for the two hosts is
mitochondrial DNA haplotype, mating type, and specific virulence on 1lprobably controlled by different avirulence genegiinfestans. In two
potato R-gene differential plants and four tomato cultivars, two of whictseparate experiments, the diameters of lesions caused by nine isolates
contained different Ph genes. Restriction fragment length polymorphisifiom potato and 10 from tomato were compared on three tomato and
(RFLP) fingerprints of subsamples of isolates from each host werthree potato cultivars. All isolatesquuced larger lesions on the host
compared by using RG57 as the probe. All potato isolates had the allrom which they were isolated. No isolates were found that were highly
zyme genotype, haplotype, and mating type of the clonal lineage EC-aggressive on both tomato and potato. We conclude that there are two
which had been previously described in Ecuador. With the same markewifferent populations oP. infestans in Ecuador and that they are sepa-
only one isolate from tomato was classified as EC-1; all others belongedted by host.

The earliest reports on tomato late blight (6,22,24,27) do not  tion toward aggressiveness on tomato is not universally accepted.
mention host specificity, and Berg (2) concluded that these early =~ Turkensteen (29) argued that if genotypeB. dfifestans were able
observers “believed that this fungus passed readily from potatoe$o acquire equal aggressiveness on both hosts, they would rapidly
to tomatoes.” Specificity was subsequently described in a series @place those that are aggressive on only one host. Following this
articles published during the first half of the twentieth centuryline of logic, one would not expect to see separate genotypes asso-
(2,9,23,31). At that time, there were no markers available toiated with each host, which, as noted above, is the case in several
establish genetic similarity, and therefore these conclusions weoauntries.
based primarily on observations of epidemics in the field or cross- Both tomato and potato have major genes that confer complete
inoculations in the laboratory. or very high levels of resistance Rinfestans. They have been

The development of unambiguous genetic markers enabletksignated R genes in potato (3) and Ph genes in tomato (29).
researchers to characterize population®tgtophthora infestans ~ Specific incompatibility caused by major genes for resistance and
(Mont.) deBary on both hosts, but results have been inconsisteobrresponding avirulence genes in the pathogen have been studied
in different geographic regions. Many isolates attacking tomatin association with host resistance (16,30), but the role of these
and potato in some regions of the Netherlands (8) and in Nortimajor genes in host specificity has not been examined.

America (15,20) could not be distinguished by restriction frag- Host specificity has major consequences for disease manage-
ment length polymorphism (RFLP) fingerprint, dilocus allozymement. For example, Legard et al. (20) concluded that potato farmers
genotype, or mating type. Furthermore, many isolates collecteuiust initiate spraying if nearby tomato fields become infected. In
from tomato in North America were highly aggressive on potat@ more general sense, if the same genotype affestans can

in a detached-leaf assay (20). In contrast, the same genetic maikfect both hosts with equal aggressiveness, then integrated pest
ers have shown that distinct genotypes are associated with eaclanagement efforts for both tomato and potato must be coordi-
host in Brazil (4), northwestern Mexico (14), the Philippines (18)nated. If, however, genotypes from one host lack pathogenic
and one region of the Netherlands (8). aggressiveness on the other, farmers and integrated pest manage-

Studying the population oP. infestans in North America, ment specialists need not be concerned by epidemics on nearby
Legard et al (20) concluded that pathogenic aggressiveness oalternative hosts.
tomato evolved from within the potato-aggressive populations. All In Ecuador, both tomato and potato are cultivated year round for
tomato-aggressive genotypes were still aggressive on potato, sommercial and subsistence purposes. Late blight of tomato and
aggressiveness on tomato was not associated with any measurgim¢ato can occur at any stage of plant growth after emergence
loss in aggressiveness on potato. However, this model of evolbecause of the continuous presence of inoculum and favorable

conditions. Potato and tomato are not generally grown in imme-

Corresponding author: G. A. Forbes; E-mail address: forbes@cip.org.ec diately adjacent areas, but production zones for the two crops can

be within kilometers of each other and are sometimes contiguous.
Publication no. P-1998-0127-02R Occasionally, we have seen potato and tomato grown on the same
© 1998 The American Phytopathological Society farm and on rare occasions in the same field.
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This study was initiated to address two questions about the host
specificity of P. infestans in Ecuador: (i) whether or not tomatoes
and potatoes are attacked by the same population of P. infestans;
and (ii) whether or not specific virulence plays a role in deter-
mining host specificity in this system.

MATERIALSAND METHODS

| solates. Forty-one potato isolates, which had been collected in
1993 as part of another study (7), were used. Nineteen additional
isolates were collected from potato plants from the center, north-
central, and northern parts of Ecuador between November 1994
and February 1995 (Table 1). In the center of the country, potato
isolates were collected near the towns of Riobamba and Palla-
tanga. In the north-central part, they were collected around the
capital city of Quito and near the town of Alchichipa. In the north,
isolates were collected near the town of San Gabriel.

Tomato isolates were collected principaly near the towns of
Pallatangain central Ecuador, Alchichipain north-central Ecuador,
and in the valley of El Chotain northern Ecuador (Table 1). Palla-
tanga is approximately 50 km from potato-production areas near
the city of Riobamba, Alchichipa is approximately 50 km from
potato production near Quito, and El Chota is approximately
40 km from potato production in the village of San Gabriel. Al-
though Pallatanga and Alchichipa are not principal potato-pro-
duction zones, some potatoes are grown in these areas, and on two
separate occasions, potato and tomato isolates were collected near
these villages on the same day (Table 1). For potato and tomato
isolates collected after 1993, a strict sampling scheme was not
followed within collection sites, but isolates were taken from dif-
ferent fields when possible (Table 1). Some tomato isolates (fewer
than five) were taken from infected fruits, but the exact number
was not recorded.

Isolation and maintenance of the pathogen. P. infestans was
isolated from potato leaves as described previously (7). P. infes-
tans from tomato grew poorly on tuber slices and was there-
fore isolated by placing 1-cm? pieces of infected tissue on rye B
agar (5) amended with antibiotics (vancomycin, 100 mg/liter;
polymixin B, 500 mg/liter; ampicillin, 200 mg/liter; and rifam-

TABLE 1. Number of isolates of Phytophthora infestans collected from
potato and tomato at different locations in Ecuador between 1993 and 1996

Potato
Mar—May Nov. 1994— Nov. 1994—

Tomato

Region in Ecuador

Location? 1993 Feb. 1995 Jan. 1996 Total
Center
Riobamba 10 (10) 4 (?) 14
Pallatang& 1 14 (14) 15
North center
Quito 10 (10) 5(5) 1(2) 16
Alchichipa? 6 (1) 17 (5) 23
North
El Chota 28 (23) 28
San Gabriel 21 (21) 3(?) 24
Total 41 19 60 120

picin, 20 mg/liter) and fungicides (pentachloronitrobenzene,
75% WP, 67 mg/liter; and benlate, 100 mg/liter). This procedure
worked only moderately well, and it was necessary to keep
each isolate alive on tomato leaves until it was obtained in
pure culture.

DNA fingerprinting. The RFLP fingerprints of 11 randomly
selected isolates from tomato and 13 randomly selected isolates
from potato collected after 1993 were analyzed with the moder-
ately repetitive probe RG57 (11). Cultures were grown on pea
broth at 18°C in the dark. After 10 days, the fungal tissue was
harvested, frozen aB0°C for several hours, and then lyophilized.
Lyophilized tissue was ground in a microcentrifuge tube with a
metal rod. DNA was extracted from the powdered mycelium as
described previously (14). Gel electrophoresis, hybridization with
%P random-primed probe RG57 (11), and autoradiography were
all performed according to standard techniques (21). Techniques
for RFLP fingerprinting of 1993 potato isolates were described
previously (7).

Allozyme markers. Isolates were cultivated in a still culture of
pea broth (12) or on rye B agar for 7 days at 18°C. Mycelium grown
on agar was harvested by scraping the agar surface with a scalpel.
Protein was extracted from fresh mycelium as described by Good-
win et al. (10). Buffer systems, gel concentrations, current specifi-
cations, and staining procedures for electrophoretic analyses of
glucose-6-phosphate isomera&pi) and peptidas@Pep) were as
previously described (10). Allozyme alleles are reported in migra-
tion distances relative to a commonly used control, which has
arbitrarily been given a value of 100.

Specific virulence. All isolates were tested on 11 potato differ-
ential plants, each containing one of 11 known major genes for
resistance (R genes R1 to R11), and on four tomato cultivars:
FMX-93, New Yorker, Pieraline, and Pieralbo. Tomato differen-
tials were supplied by G. W. Griffith (University of Wales,
Bangor), and their major gene status was putatively considered to
be as follows: FMX-93 and Pieralbo, free of major genes; New
Yorker, Phl; and Pieraline, Ph2 (G. W. Giriffithersonal com-

TABLE 2. Genetic characterization of populationsPbfitophthora infestans
isolated from potato or tomato in Ecuador

Source Clonal
Number of isolates RFLP fingerprint lineag®
Potato
Collected during 1993
1 111110100001101000111011 EC-1
16 111110100001101000111011 EC-1
7 Not tested EC-1
Collected after 1993
1 111110100001101000111011 EC-1
12 111110100001101000111011 EC-1*
23 Not tested EC-1
Tomato
1d Not tested EC-1
1 101110001001101000110011 uUs-1
2 101110001001101000110011 us-1
8 101110011001101000110011 uUs-1*
48 Not tested US-1

aThe nearest city or town, except for EI Chota, which is a valley in northerd RFLP = restriction fragment length polymorphism. Underlined bands indi-

Ecuador.

cate polymorphism within clonal lineages.

b Collection dates. Isolates collected during 1993 were part of an earliérClonal lineage to which isolates belong on the basis of markers. All US-1
study (7). The first number in each column is the number of isolates, andisolates had mitochondrial haplotype IBGpi banding pattern of 86/100,

the number of fields sampled is in parentheses.

and aPep banding pattern of 92/100. All EC-1 isolates had mitochondrial

¢ On 25 November 1994, one isolate from potato and two from tomato werehaplotype IIA, aGpi banding pattern of 90/100, andPep banding pattern
collected near the village of Pallatanga. The remaining 12 isolates fromof 100/100. All isolates were Al mating type. Isolates that do not have

tomato were collected in Pallatanga during February 1995.

RFLP fingerprints are identified on the basis of allozyme genotype, mating

d Six isolates from potato and six from tomato were collected on 7 Novembertype, and mitochondrial haplotype. * = published RFLP and isozyme
1995 in the village of Alchichipa. The remaining 11 tomato isolates were genotypes that characterize that clonal lineage.
collected on the same day in the neighboring villages of Perucho andisolates collected in an earlier study (7).

Puellaro.
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munication). Potato differentials were supplied by L. Turkensteen
(PO, Wageningen, Netherlands) and are currently maintained by
the International Potato Center, Lima, Peru. The Peruvian potato
cultivars Yungay and Chata Blanca were used as R gene-free
controls.

Potato differentials were grown in a screenhouse where day
length was extended to 16 h with halogen and incandescent lamps,
because some of the differentials do not grow well under condi-
tions of short days. Tomato differentials were grown in a glass-
house with 12 h of natura light per day. Inoculum preparation,
inoculation, incubation, and scoring of specific virulence were all
done as described previously (7).

Aggressiveness. The pathogenic aggressiveness of 17 isolates
of P. infestans, 10 from tomato and seven from potato, was tested
in two separate detached-leaf assays. Potato cultivars Uvilla, Bo-
lona, and Yema de Huevo were used in the first assay and Chata
Blanca, Cruza 148, and Yungay in the second. Tomato cultivars
Flora Dade, FMX-93, and Pieralbo were used in the first assay
and FloraDade, FMX-93, and Heat in the second. Inoculum prepa-
ration was as described previously (7).

For both assays, fully expanded leaflets were chosen from
plants between 6 weeks old and initiation of flowering grown as
described above. Tomato leaves were sometimes used after flower
initiation, but flower buds were removed. Leaflets were placed
in petri dishes as previously described (7) and inoculated by

petri dish. Therefore, there were two data values for each host

genotype-isolate combination. Since these values are really sub-
samples of each combination, they were considered pseudorepli-
cates (17). The variance among pseudoreplicates was not used in
tests of statistical significance. The model used for the analysis of

variance was

LD=u+a+b+a*b+c(a) + d(b) + c*d(a*b) + e

in whichLD = lesion diameten = the overall mearg = origin of
isolate (tomato or potatol,= host species (tomato or potato)
isolate nested in origird = plant nested in host species, and
the residual error. The interaction effett(a*b) was used as the
denominator in thé- test of the interactioa*b, which was the
primary interest of this test.

The second aggressiveness assay was used to compare isolate
1916 from tomato with two other isolates from tomato and two
isolates from potato. The objective of this assay was to determine
whether the aggressiveness pattern of isolate 1916 was more like
that of potato or tomato genotypes. Summary results are presented
in tabular form.

Sensitivity to metalaxyl. Forty-three isolates from tomato and
59 from potato grown at 18°C in the dark on 10% V8 juice agar
amended with 0, 5, and 100 pg of metalaxyl per ml were assessed.
On the basis of radial growth, sensitivity of the isolates was clas-

placing one 10-ul drop of inoculum on each side of the midrib ofsified as susceptible (growth less than 40% of control with 5 and
each leaflet, thus producing two lesions per leaflet. Petri00 pg of metalaxyl per ml), intermediate (growth greater than or

dishes were incubated at #52°C with 14 h of fluorescent

equal to 40% of control with 5 pg of metalaxyl per ml but less

light per day. After 6 days of incubation, lesion diameter wathan 40% of control with 100 pg/ml), or resistant (growth 40% or
measured with a ruler parallel to the leaflet midrib. Lesionmore of control with 100 pg of metalaxyl per ml).

growth was generally restricted by the width of the leaflet in Mating type. Mating type was determined by pairing all test
the dimension perpendicular to the midrib, but lesion expanisolates with others of known Al and A2 mating type on clarified
sion continued parallel to the midrib throughout the duration ofye A agar (5). The presence or absence of oospores was recorded

the assay.

after 15 days.

Each host genotype-isolate combination was represented byMitochondrial haplotype. After DNA extraction (10), mi-
eight lesions on four leaflets distributed randomly in two petritochondrial haplotype was determined by using primers and
dishes. For the first assay, which included seven potato and severocedures developed and provided by G. W. Griffith. These
tomato isolates, the interaction between isolate origin (potato @rimers identify four haplotypes: IA and IB, which represent
tomato) and inoculated host species (potato or tomato) was statield” genotypes, as defined by Spielman et(ab), and IIA and
tically tested in an analysis of variance. The experimental unit faiB, which represent “new” genotypes according to the same clas-
this analysis was the average diameter of the four lesions in eastfication.

TABLE 3. Specific virulence patterns of Phytophthora infestans isolated from tomato or potato and inoculated on major-gene differential plants of both hosts

|solates collected from potato

Isolates collected from tomato

Potato differentials* Tomato differentials® No. of isolates Potato differentials? Tomato differential s No. of isolates
0,1,3,4,7,8,10,11 0,1 23 0,3,7 0,1,2,3 15
0,1,3,4,7,8,10,11 0,13 11 0,3 01,23 12
0,1,3,4,7,8,10,11 0 8 0 0,123 8
0,1,3,4,7,10,11 0,3 3 0,23 01,23 6
0,1,2,3,4,6,7,10,11 0,1 2 NI 0,123 5
0,1,2,3,4,6,7,8,10,11 0,3 2 3 01,23 3
0,1,34,7,8,11 NI 1 0,2,3,7 0,123 2
0,1,3,4,7,8,11 0 1 NI 2 1
0,1,34,7,8,11 0,3 1 NI 0,1,2 1
0,1,3,4,7,11 0,1 1 0,4 0,1,2,3 1
0,1,34,7,10,11 0 1 0,11 0,123 1
0,1,3,4,7,8,10,11 NI 1 0,3,7 0,1,2,3 1
0,1,3,4,6,7,10,11 0,1 1 0,10,11 0,13 1
0,1,2,3,4,6,7,10,11 0,13 1 0,1,3,7 0,1,3 1
0,1,2,3,4,6,7,8,10,11 0 1 0,1,3,7 0,123 1
0,1,2,3,4,6,7,8,9,10,11 0,3 1 0,1,3,4,7,8,10,11* 0,3 1
0,1,2,3,4,6,7,8,9,10,11 0,1,3 1 . .

a Numbers represent major genes overcome by that pathotype. NI = no infection on any differential including those considered free of major genes. * = isolate 1916,

which belongs to the EC-1 clonal lineage.

b Numbers represent four tomato cultivars: 0 = FMX-93, 1 = Pieralbo, 2 = New Yorker, and 3 = Pierdine. New Yorker has Phl, and Pierdine has Ph2. FMX-93 and
Pieralbo were considered free of Ph genes at the onset of the study. NI = no infection on any differential.
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RESULTS

Genetic description of P. infestans in Ecuador. All potato
isolates collected after 1993 had the dilocus allozyme genotype of
the clonal lineage EC-1, as described previoudly (7) for isolates
collected during 1993 (Table 2). EC-1 was shown to be the domi-
nant clonal lineage on potato in Ecuador in 1993, and on the basis
of our limited sample of 19 isolates, we conclude that no change
has occurred. The Pep genotype 100/100 is characteristic of EC-1,
but as in the earlier study (7), a few bands were unusually large.
This may indicate the Pep 96/100 genotype, which is difficult to
distinguish from the 100/100 genotype on potato starch gels. We
prefer to describe al isolates as 100/100 until more precise electro-
phoretic techniques can be used to confirm the presence of the 96
alelein the EC-1 clonal lineage.

RFLP fingerprints of a subsample of 13 potato isolates collected
after 1993 also corresponded to the EC-1 clonal lineage. In an
earlier study (7), band 10 was missing in one of 17 isolates that
were fingerprinted. We found that the same band was missing in
one of 13 isolates that were fingerprinted. As in the earlier study,
the one isolate for which band 10 was missing was identical to the

TABLE 4. Analysis of variance from the first detached-leaf assay for effects
of origin (potato or tomato) of isolates of Phytophthora infestans and inocu-
lated host species (potato or tomato) on diameter of lesions (cm) in a de-
tached-leaf inoculation assay

Mean
Source df square F value P>F
Isolate origin (O) 1 8.25 NT?
Host species (H)° 1 15.68 NT o
O*H 1 87.87 229.96 0.0001
Isolate (O) 12 1.19 3.12 0.0022
Plant (H) 3 5.39 14.13 0.0001
Isolate* plant (O * H) 51 0.38 NT .
Residual error¢ 1,011 0.16

a Not tested. Main effects of isolate origin and host species were not tested
because of their highly significant interaction. This interaction, designated
O * H, was tested by using the mean sguare for the interaction between
individual isolates and plants, designated isolate * plant (O * H).

b The tomato cultivar Pieralbo was not used in this analysis because of
apparent major gene interactions (see Table 5).

¢ Based on variance among petri dishes, which are pseudoreplications of the
experiment.

other EC-1 isolates for all other markers, and therefore we con-
clude that the missing band represents polymorphism that has
arisen within the clona lineage. All potato isolates were Al
mating type, also characteristic of the EC-1 clonal lineage (7), and
had the IIA mitochondrial haplotype, which now serves as an
additional genetic characteristic of the clonal lineage.

All isolates but one collected from tomato had the allozyme
genotype 86/100 and 92/100 for Gpi and Pep, respectively, which
is characteristic of the globally distributed clona lineage US-1
(20). All tomato isolates with this dilocus allozyme genotype were
IB mitochondrial haplotype and A1 mating type, also character-
istic of US-1. Eight of the 11 tomato isolates that were finger-
printed in this study had the US-1 RFLP genotype (10). Two were
similar but lacked band 9, and oneisolate lacked both bands 9 and
7. Isolates lacking RFLP bands were identical to US-1 for other
markers and are assumed to represent polymorphism that has
developed within the clonal lineage. One isolate from tomato had
the same alozyme genotype and mitochondrial haplotype as the
EC-1 isolates from potato.

Specific virulence. The specific virulence patterns of potato and
tomato populations of P. infestans differed greatly. Isolates were
generally highly virulent on their respective host differentials but
not on the aternative host differentials (Table 3). In several cases,
isolates from one host did not infect any of the other host differ-
entials, even those free of known major genes.

Two race-specific genes in tomato, Phl and Ph2, were reported
previously (16,20,29), but our data indicate that there is at least
one additional race-specific gene in the four cultivars we used,
although this gene was detectable only with EC-1 genotypes. Pier-
albo, reportedly a major-gene-free isoline of the Ph2 differential
Pieraline (19), should have behaved in a manner similar to that of
FMX-93, aso putatively free of major genes. However, some EC-1
isolates infected FMX-93 but not Pieralbo. The only tomato iso-
late that reacted this way was the one belonging to EC-1. All other
tomato isolates (US-1) reacted equally to FMX-93 and Pieralbo
(Table 3).

The one isolate from tomato belonging to EC-1 also reacted
more like potato isolates in that it had an incompatible re-
action on tomato cultivar New Yorker (Table 3). The universal
incompatibility of potato isolates on New Yorker contrasted
with a high degree of compatibility on this cultivar among to-
mato isolates. Only three of 59 US-1 isolates were incom-
patible on New Yorker.

TABLE 5. Diameters (cm) of lesions on three tomato and three potato cultivars in the first detached-leaf assay caused by isolates of Phytophthora infestans

collected from tomato or potato in Ecuador

Tomato cultivars

Potato cultivars

Source
|solate? FloraDade FMX-93 Pieralbo Mean Uvilla Bolona YemadeHuevo  Mean
Potato
1361 161 2.26 0.33 1.94 219 2.90 171 227
1561 1.35 1.54 0.00 1.45 3.06 2.87 2.54 2.82
1654 1.32 1.85 0.44 1.59 3.26 3.33 243 3.01
1961 2.36 3.00 0.76 2.68 2.89 4.25 2.14 3.09
1988 2.28 2.53 1.44 241 3.58 3.84 2.94 3.45
316 1.99 2.68 0.13 2.34 3.19 3.29 2.25 1.81
920 1.68 213 0.00 191 3.38 3.58 2.88 3.28
Mean 1.8 2.28 0.44 2.05 3.08 3.44 241 2.98
Tomato
1618 2.53 3.45 1.93 2.44 0.63 0.51 0.08 0.41
1627 3.29 3.46 3.29 3.35 2.16 161 1.66 181
1642 2.38 2.58 2.73 2.56 1.46 1.72 1.46 1.55
2515 3.63 431 3.56 3.83 1.06 181 0.81 1.23
2542 2.80 4.45 4.13 3.79 1.50 1.43 0.46 1.13
2548 3.68 3.89 3.68 3.75 1.38 1.45 0.23 1.02
2563 4.03 4.65 4.00 4.23 1.81 1.48 0.39 1.23
Mean 3.19 3.83 3.33 345 1.43 143 0.73 1.19

a |solate code of the CIP collection of P. infestansin Quito, Ecuador.
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No clear relationship among tomato and potato avirulence
genes in P. infestans could be deduced from our results. Isolates
that were avirulent on all potato differentials were virulent on
someor even all tomato differentials (Table 3). Therefore, all aviru-
lence genes for tomato expressed in this study appear to be
independent of avirulence genes that interact with known potato R
genes. None of the isolates from tomato or potato infected the
potato differential for R5.

Pathogenic aggressiveness. In the first assay, we found a very
clear pattern of pathogenic aggressiveness; isolates caused larger
lesions on their respective host than on their aternative host. This
resulted in a statistically significant interaction between origin of
isolate (tomato or potato) and host (Table 4), which was clearly
visible when mean lesion diameter values were examined (see
row and column meansin Table 5).

The general interaction measured in the analysis of variance

tant. In contrast, only five of 59 isolates from potato were interme-
diately resistant, while 23 of 43 from tomato were intermediate. In
general, isolates from potato are more resistant than isolates from
tomato. We do not have fungicide-usage data for the two crops to
compare with these results.

DISCUSSION

All our data, with the exception of those for one isolate dis-
cussed below, indicate that the two populationsP.oinfestans
attacking potato and tomato in Ecuador are different. All isolates
collected from potato for this study belong to the EC-1 clonal
lineage as described previously (7). All but one of 60 isolates
from tomato belong to the globally distributed US-1 clonal lineage
(10). The one variant had the same dilocus allozyme genotype as
EC-1 and a virulence pattern similar to that of other EC-1 isolates,

(Table 4) was true for virtually all isolate x cultivar interactionsand therefore we assume that it belongs to that clonal lineage.
(Table 5). There were no cases in which isolates were highly An earlier study in Ecuador indicated that a small percentage of
aggressive on their alternative host. However, tomato isolate 164%vlates collected between 1990 and 1993 from potato were US-1
was weakly aggressive on all tomato cultivars, and in a couple ¢7). We believe that this earlier finding is not inconsistent with the
cases, potato isolates caused lesions on tomato as large as thHogmothesis of host specificity for the following reasons. The
caused by isolate 1642. Some potato isolates were virulent @uthors in the earlier study hypothesized that EC-1 had been intro-
tomato cultivar Pieralbo (Table 5), so this cultivar was eliminatediuced into Ecuador within the last two decades and that it was
from the analysis of variance (Table 4). replacing US-1 on potato. Therefore, they considered EC-1 to

In the second assay, isolate 1916 (EC-1), which was collectdthve greater fitness than US-1 on potato. They also hypothesized
from tomato, was more aggressive on potato than on tomato atftat prior to the introduction of EC-1, US-1 had been the dominant
less aggressive on tomato than the US-1 isolates (Table 6). Isdenal lineage on potato in Ecuador. This theory was based on an
lates from potato caused lesions about twice as long on their hastalysis of specific virulence done during the 1970s in Ecuador
as on their alternative host. Isolates from tomato caused lesiofk) and on other studies that demonstrated that US-1 was domi-
about 2.7 times as long on their host as on their alternative hostant on potato in Peru during the 1980s (10,28). The present study
This was caused, in part, by the lack of infection by tomata@emonstrates that while EC-1 is replacing US-1 on potato, it is not
isolates on potato cultivar Cruza 148, which is highly resistant toeplacing US-1 on tomato. Whether host specificity existed within
P. infestans in the field. Since none of the tomato isolates in-the US-1 clonal lineage before the introduction of EC-1 remains
fected Cruza 148, it is not known whether this represents anclear.
very high level of quantitative resistance or the response of this The situation in Ecuador is similar to that in Brazil, where US-1
cultivar to a previously unidentified avirulence allele in these(Al mating type) has been found exclusively on tomato (10) and
tomato isolates. an A2 genotype exclusively on potato (4). At the time that sam-

In the second assay, we examined symptoms and noticed thaing was done in Brazil, there was no evidence for recombination
EC-1 genotypes (including 1916) caused deep brown necrosis retween the two mating types (4). On the basis of a limited
all three tomato cultivars and sporulation occurred only on necrotisample from the area of Rionegro near Medellin, Colombia, we
areas. In contrast, lesions caused by US-1 genotypes had no dis-
tinct margins, and sporulation was profuse on green tissue. Deter-
mining the limits of sporulation, which was used in determiningTABLE 7. Level of sensitivity to metalaxyl of isolates of Phytophthora infes-
lesion diameter, sometimes required examination with a steretansfrom potato and tomato in Ecuador
scope.

Sensitivity to metalaxyl. There was a marked and statistically . .
significant difference in the three levels of sensitivity to metalaxylOrlgln of isolates
between tomato and potato isolates (Table 7). More than half tiitato 24 5 30
isolates tested from potato (30 of 59) were resistant to metalaxyomato 17 23 3
but only three of 43 isolates from tomato were classified as resis-Chi-square value for independence = 28.81; P = 0.001; and df = 2.

Sensitivity level
Intermediate

Susceptible Resistant

TABLE 6. Diameters (cm) of lesions caused by EC-1 genotype 1916 of Phytophthora infestans collected from tomato and two other EC-1 genotypes from
potato and two US-1 genotypes from tomato

Tomato cultivars Potato cultivars

Source
Isolate Flora Dade FMX -93 Heat Mean ChataBlanca  Cruza 148 Yungay Mean
19162 1.50 2.25 2.25 2.00 4.63 3.75 4.10 4.16

Potato
316 3.00 2.25 158 2.28 5.00 2.88 4.25 4.04
1561 1.50 1.13 2.13 1.59 4.83 3.00 3.88 3.90
Mean 2.25 1.69 1.86 1.93 4.92 294 4.01 3.97

Tomato
1748 3.03 2.70 3.03 292 2.38 0 0.95 111
1912 3.78 3.45 4.23 3.82 3.50 0 0.70 1.40
Mean 341 3.08 3.66 3.38 294 0 0.83 1.23

a|solate 1916 is EC-1 like potato isolates but was collected from tomato.
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have also determined that EC-1 is primarily associated with potato
and US-1 with tomato in that country (G. Forbes, unpublished
data).

In contrast to our results, a recent study found that some geno-
types in North America are equally aggressive on potato and
tomato (20). We found no isolates that were highly aggressive on
both hosts. Furthermore, the fact that separate genotypes have
been found in association with both hosts in severa parts of the
world would seem to argue against the presence of dually aggres-
sive genotypes in these regions. Dually aggressive genotypes
could be particularly destructive in developing countries where
both tomato and potato are grown year round in the same geo-
graphic regions. Many such areas currently exist in the highland
tropics of Africa, Asia, and South America.

Host specificity has important implications for disease manage-
ment. If the same population of the pathogen attacks both hosts,
then farmers, extension workers, and researchers who were for-
merly concerned with only one host now need to coordinate efforts.
Our data suggest that this situation has not yet occurred in Ecua
dor nor in several other parts of South America, as discussed above.

Isolate 1916, the one EC-1 isolate collected from tomato, prob-
ably represents a weakly pathogenic isolate found by chance. This
hypothesis is supported principally by three observations: (i) no
other EC-1 isolates were collected from tomato in any part of
Ecuador; (ii) three other isolates collected from the same field were
US-1; and (iii) isolate 1916 was more aggressive on potato than
on tomato and |ess aggressive on tomato than US-1 genotypesin a
detached-leaf test (Table 6). Nonetheless, populations of P. infes-
tans on potato and tomato should be monitored in the future for
the presence of genotypes that attack both hosts with equal aggres-
siveness.

In countries such as Ecuador where US-1 is found principally
on tomato, changes in the genetic structure of the pathogen popu-
lation may be effectively and efficiently detected with a simple
assay for Gpi genotype. The Gpi 86/100 genotype is rare outside
Mexico, except in the US-1 clonal lineage (10,25). The 86/100
banding pattern can be detected from field-collected lesions by
using a cellulose acetate assay, which takes less than 1 h (13).
Therefore, a large number of isolates can be rapidly screened for
the presence (tomato) or absence (potato) of the 86/100 genotype.
Only deviations from expected patterns would need be assessed
with more expensive and laborious markers.

The second objective of our study was to elucidate the role of
specific virulence in host specificity. Our data suggest that spe-
cific virulence is not a primary causal factor but may be related to
host specificity and should be considered in future research
directed at this problem. We found, for example, that potato iso-
lates did not infect the tomato cultivar New Yorker, which carries
major gene Phl (Table 3), while most tomato isolates did infect
New Yorker. Solely on the basis of this virulence test, the exis-
tence of an avirulence gene for Phl, which is costly for the patho-
gen to lose, would be a simple explanation for the fact that patho-
genic aggressiveness on tomato has not yet evolved within EC-1.
Nonetheless, the role of Phl as the sole determinant of host speci-
ficity is not supported by al of our data nor by circumstantial evi-
dence.

For example, if Phl were the main determinant of host speci-
ficity in Ecuador, we would expect to find it in all or most tomato
cultivars in Ecuador. In fact, Phl is uncommon in commercia
tomato cultivars (H. Judelson and L. Black, personal communica-
tion) and therefore is probably not present in most of the tomato
cultivars we sampled. Furthermore, avirulence to Phl does not
appear to be a common feature of potato isolates. Many potato
isolates in North America do infect Phl (16). It is not known,
however, whether these isolates are among those that are equally
aggressive on both potato and tomato.

Our study aso leads to another observation regarding specific
virulence. Apparently, P. infestans has different avirulence genes
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for potato and tomato, at least among those that can be identified
with existing differential cultivars of both hosts. We found that
severd isolates that possess all known avirulence genes for potato
infected all four tomato differentials (Table 3). Apparently, aviru-
lence genes for potato do not €licit a hypersensitive response in
tomato. Similarly, several isolates that did not infect any tomato
differentials were highly virulent on potato (Table 3). Our hypothe-
sisis supported by another study (26), which found that virulence
to Phl was independent of virulence to potato genes R1 to R4.

None of the isolates tested infected potato differential R5. In an
earlier study (7), in which the same set of differential plants was
used, virulence on R5 was found in two of 108 isolates tested,
indicating that virulence for this major gene does exist in Ecuador
at alow frequency.

In contrast to specific virulence, pathogenic aggressiveness ap-
pears to explain the host specificity we encountered in Ecuador.
All isolates of P. infestans tested in the two detached-leaf assays
infected both hosts, but infection was aways more severe on the
original host. The hypothesis that quantitative aggressiveness
determines host specificity is consistent with earlier studies (2,29)
and explains why genotypes of P. infestans may be found on their
alternative hosts in nature.
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