Ecology and Population Biology

A Novel Population of Phytophthora, Similar to P. infestans,
Attacks Wild Solanum Speciesin Ecuador

M. E. Ordofiez, H. R. Hohl, J. A. Velasco, M. P. Ramon, P. J. Oyarzun,
C. D. Smart, W. E. Fry, G. A. Forbes, and L. J. Erselius

First, third, fourth, fifth, eighth, and ninth authors: International Potato Center (CIP), P.O. Box 17-21-1977, Quito, Ecuador; second author:
Tobelgasse 10, CH-8126 Zumikon, Switzerland; and sixth and seventh authors: Department of Plant Pathology, 334 Plant Science,
Cornell University, Ithaca, NY 14853.

Accepted for publication 17 October 1999.

ABSTRACT

Ordofiez, M. E., Hohl, H. R., Velasco, J. A., Ramon, M. P., Oyarzun, Rested with & infestans Al isolate. The A2 mating type has not been
J., Smart, C. D., Fry, W. E., Forbes, G. A., and Erselius, L. J. 2000. found among isolates & infestans from potato or tomato in Ecuador.
novel population ofPhytophthora, similar to P. infestans, attacks wild  Geographical substructing of the Ecuadorian A2 population was detected.
Solanum species in Ecuador. Phytopathology 90:197-202. The three isolates from the village obhb, identical to the others in all
other aspects, differed by three RFLP bands; those from Nono lacked bands

Twenty-six isolates of &hytophthora population from two wild sola- 10 and 16, but possessed band 19. Most of the Ecuadorian A2 isolates
naceous specieSplanum tetrapetalum (n = 11) andS brevifolium (n = were nonpathogenic on potato and tomato, but a few caused very small
15), were characterized morphologically, with genetic and phenotypitesions with sparse sporulation on necrotic tissue. Cluster analysis of
markers, and for pathogenicity on potato and tomato. Based @haohor multilocus genotypes (RFLP, mating type, and two allozymes) dissoci-
ogy, ribosomal internal transcribed spacer region 2 (ITS2) sequence, aatkd this A2 population from genotypes representing clonally propagated
pathogenicity, all isolates closely resembRdnfestans and were tenta-  populations ofP. infestans worldwide. The current hypotheses for the
tively placed in that species. Nonetheless, tapulation of Phytoph- historical global movements & infestans do not satisfactorily explain
thora is novel. Its primary host is neither potato nor tomato, and all isothe origin or possible time of introduction into Ecuador of this A2 popu-
lates had three restriction fragment length polymorphism (RFLP) bandstion. Assuming the population B infestans, its presence in Ecuador
(probe RG57) and a mitochondrial DNA haplotype that have not beesuggests either a hitherto unreported migration of the pathogen or an in-
reported forP. infestans. All the isolates were the A2 mating type when digenous population that had not previously been detected.

Both the A1 and A2 mating types of the potato late blight ~ some of these hosts suchSakanum muricatum Aiton andS beta-
pathogen Phytophthora infestans (Mont.) de Bary occur in rela ceumn (Cav.) Sendtner (formerly in the genGgphomandra) are
tively equal frequencies in central Mexico, the organism’s purporteultivated crops and others have been evaluated as sources of re-
ed center of origin (19,24). Only the A1 mating type was found outsistance td”. infestans (4).
side Mexico until the 1980s, when the A2 mating type was detected Genetic characterization of the population$dhfestans and re-
in Europe (22). Furthermore, most evidence indicates that, untihited species attacking alternative hosts could give new insight into
the 1980s, most populations Bfinfestans outside North America the biology and life history of this important genus of plant patho-
belonged to the clonal lineage US-1, which is the A1 mating typgens. For example, all seven isolate®loftophthora species col-

(15). Since the 1980s, new clonal lineages and sexual populatiolested in 1995 from several wild solanaceous plants in Ecuador
with both the A1 and A2 mating types have been found in difwere designate®. infestans, based on morphology, and subse-
ferent potato-growing regions of the world (13). guently determined to be the A2 mating type (25). This was unex-

Mutation within Al clonal lineages was proposed as the origirpected, because the A2 mating type has not been found on potato
of some A2 genotypes found outside Mexico (23), but subsequent tomato in Ecuador, even after relatively recent and extensive
genetic similarity analyses showed that these A2 genotypes wesampling (10,25). If the A2 mating type Bf infestans had been
not related to the Al genotypes with which they coexist geograplintroduced into Ecuador on potato or tomato since the 1980s, it is
ically (16). The simplest interpretation of these results is that AZinclear why it would have disappeared from populations attacking
genotypes occurring outside Mexico have not resulted from mutdhese crops, while remaining in high frequency in a population
tion, but have been introduced (16), probably on infected potatattacking wild hosts.
tubers (12) or on tomato fruits or plantlets (13). When the A2 isolates from wild hosts in Ecuador were initially

Much discussion about the origins and migrationP. dfifestans  reported (25), nothing was known about their genetic relatedness
can be found in several recent reviews (1,12,13). This informae populations oP. infestans currently found on potato and tomato
tion, however, is based primarily on what is known about isolates Ecuador or elsewhere. Furthermore, it was not known whether
from potato and, to a lesser extent, tomato. At this time, little ithe A2 isolates were pathogenic on these commercial hosts. In this
known about the genetic makeup of populationB. dfifestans (or study, we used neutral markers to compare the original seven A2
closely related species) that attack other solanaceous hosts, althoiggilates and 19 additional isolates subsequently collected with
known genetic marker information for potato and tomato popula-
tions of P. infestans in Ecuador and elsewhere. We used this in-
formation to test the hypothesis that this A2 population was intro-
Publication no. P-1999-1223-01R duced into Ecuador by one of the previously described migrations
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MATERIALSAND METHODS

Sampling and isolation of the pathogen. Twenty-six single-
lesion isolates were collected at four locations near Quito, the cap-
ital city of Ecuador (Table 1). All four locations are within the zone
of potato production and are of similar elevation (between 2,400 and
2,700 meters above sea level) and ecological conditions. Nono,
Calacali, and Pululahua are all on the western slope of the Andes,
several kilometers northwest of Quito. San Jose de Minas is also
on the western slope, but about 40 km north of Quito. Two or
three different sites at least 100 m apart were sampled within each
location. The diseased plants were identified as S brevifoliumH. &
B. ex Dun. and S tetrapetalum Rusby based on published descrip-
tions (5). These species are woody vines belonging to the series
Apendiculata and grow under trees, often climbing up trunks,
branches, and fence posts.

Collections were carried out during three consecutive years, start-
ing in 1995. First attempts at isolating the pathogen from leaf lesions
with potato tuber slices (25) were unsuccessful, because the patho-
gen grew very poorly on potato tuber tissue. Isolates ultimately were
obtained in the following manner. A small piece of leaf tissue from
the edge of a sporulating lesion was cut out and surface-sterilized
for 1 to 3 min with a 0.5% hypochlorite solution, rinsed in sterile
distilled water, and then plated on SEL-A1, a selective medium (21).

frozen peas in 1 liter of water. The peas were removed and the
broth autoclaved a second time prior to use. The mycelium was
harvested by vacuum filtration, frozen at —20°C for a few hours,
and then lyophilized. Lyophilized mycelium was ground with a
mortar and pestle with liquid nitrogen or by using a small amount
of sand. DNA was extracted according to a miniprep version of a
previously published technique (7). One milliliter of preheated
(60°C) extraction buffer (0.05 M EDTA; 0.1 M Tris, pH 8.0; 0.5 M
NaCl; 0.7%[3-mercaptoethanol; and 0.25% sodium dodecyl sul-
fate) was added to 35 mg of ground lyophilized tissue and incu-
bated for 1 h at 65°C. After that, 333 pl of 5 M potassium acetate
was added, and the tubes were shaken vigorously and placed in
crushed ice for 20 min. They were then centrifuged for 10 min at
16,000 xg (14,000 rpm) and the supernatant collected in a new
tube. DNA was precipitated with 800 pl of isopropanol, left on ice
for 1 h, and centrifuged at 16,0003%14,000 rpm) for 5 min. The
supernatant was poured off and the pellet air-dried for 1 h. The
pellet was dissolved in 100 pl of Tris-EDTA (TE; 10 mM Tris-HCI,
pH 8.0, and 1 mM EDTA) and then treated with 1 pl of RNAase
(10 mg/ml) for 1 h at 37°C. For restriction fragment length poly-
morphism (RFLP) analysis, the DNA was dissolved in 700 pl of
TE, reprecipitated with 75 pl of 3 M sodium acetate and 500 pl of
isopropanol, left on ice for 2 min, and then centrifuged for 5 min
at a relative centrifugal force of 16,00@1%14,000 rpm). The pel-

The petri dishes were kept at 18°C in the dark until hyphal growtfet was air-dried for 1 h, dissolved in TE, and then treated with 1 l
was visible. Agar plugs containing young hyphae were then trangf RNAase (10 mg/ml) for 1 h at 37°C. DNA was compared visu-
ferred to rye B (3) or 10% clarified V8 juice agar. Mating typeally for quality and concentration with a DNA mass ladder by elec-

was determined for all isolates as described previously (25).

trophoresis on a 1% agarose gel with Tris-borate-EDTA buffer

Phenotypic description. Isolates were compared for sporangial (TBE; 0.045 M Tris-borate and 0.001 M EDTA, pH 8.0).
length and width, pedicel length, and form of the papilla. The spo- Ribosomal DNA (rDNA) internal transcribed spacer region 2
rangia were either washed from the plates with distilled water or @TS2). The ITS2 of the rDNA ofP. infestans can be amplified
piece of approximately 1 chof agar culture was cut out and in- using polymerase chain reaction (PCR) and the specific primers
verted several times into 0.1 ml of distilled water on a glass slidgTS3 and PINF2 (28). DNA from all the A2 isolates was ampli-
Between 60 and 300 sporangia from 3- to 5-week-old cultures ofied using these primers and a template of about 10 ng of DNA as
rye B (occasionally SEL-1A medium) were measured for each isqtescribed previously (28). In addition, the ITS2 of six isolates,
late using light microscopy and video image analysis. Pedicel lengéhe each from the six separate collection events (Table 1), were

was measured with an ocular micrometer.

cloned using the Invitrogen Original TA Cloning Kit (Invitrogen

Isozyme electrophoresis. Isozyme electrophoresis for the en- Corp., Carlsbad, CA) according to the manufacturer’s instructions.

zymes glucose-6-phosphate isomer@Bgi) and peptidasePgp)

The cloned DNA region was purified using the WizBfds Mini-

was done on starch gels as described previously (27) and on pojteps DNA Purification System (Promega Corp., Madison, WI) as
acrylamide gels (polyacrylamide gel electrophoresis [PAGE]). PAGEecommended by the manufacturer. Plasmids containing inserts were
was done using 1-mm-thick 7.5% gels with 25 mM Tris-0.19 Mdigested withEcoRI and the products separated on a 1% agarose
glycine at pH 8.8 as a separating gel and electrode buffer. Bangg| with Tris-acetate-EDTA buffer (0.04 M Tris-acetate and 0.001 M
were clearer when a 1-cm stacking gel (2.5% acrylamide-0.06 MDTA, pH 8.0). The size of the insert was compared with that of
Tris-HCI, pH 6.7) was used (6). PAGE gels were run with a conthe amplified PCR product.
stant current of 5 mA for 1 h, after which the current was increased The cloned ITS2 of the rDNA of all six isolates was then se-
to 10 mA. Voltage rose continually throughout, from about 50 tqquenced using the dsDNA Cycle Sequencing System (Gibco BRL,
280 V. Electrophoresis was terminated when the bromophenol blgaithersburg, MD) according to the manufacturer’s instructions.
dye reached the bottom of the gel, about 16 cm. Allozyme phengrhe radiolabeled products were resolved on a 6% polyacrylamide
types were scored as described previously (27) and represent #ghaturing gel that was then dried and visualized by autoradiography.
mobilities of the enzyme alleles relative to an allele designated ghese sequences were then aligned with the sequences of 14 other
100. A US-6 isolate with a recorded 92/100 banding pattern ogpecies oPhytophthora to identify any dissimilar nucleotides. Se-
starch from theP. infestans collection at Cornell University was quencing was done using the Clustal method of MegAlign (DNA-
used for comparison. STAR Inc., Madison, WI).

DNA extraction. Isolates were grown for 8 to 10 days at 18°C  Mitochondrial DNA (mtDNA) haplotypes. DNA of each iso-
in clear pea broth that was made by autoclaving 120 g of fresh gite was amplified using primers designed for specific regions of the
mitochondrial genome d?. infestans (20). Digestion of the ampli-
fied regions with the restriction enzym€&$ol, Mspl, and EcoRI
yields band patterns by which the isolates can be classified into
four different haplotypes: la, Ib, lla, and IIb (2,20).

TABLE 1. Isolates of a Phytophthora population collected from two wild
Solanum speciesin the highlands near Quito, Ecuador, between 1995 and 1997

No. of Year RFLP2 - g .
Host isolates  collected Location genotype For PCR, the final concentrations of the master mix were 0.325 pM
— y of each forward and reverse primer, 2.5 mM Mg@00 puM dNTPs,

gggz;gnﬂm 11 iggg mﬂ::hhﬂg Eg% 1.5 units ofTaq polymerase, a_nd 4 ng of template DNA. PCR was
S tetrapetalum 9 1996 Calacdli EC-2 performed on a PTC-200 Peltier Thermal Cycler (MJ Research, Inc.,
S brevifolium 7 1997  Cdacdli EC-2 Watertown, MA) with the following temperature profile: 94°C for

S brevifolium 3 1997 Nono _ EC-21 1 min; 35 cycles of 92°C for 30 s, 55°C for 30 s, and 72°C for 1 min;
S tetrapetalum 2 1997 SanJosedeMinas  EC-2 and a final extension of 72°C for 5 min. Eight microliters of the

a RFLP = restriction fragment length polymorphism. amplified product was digested with 1 unit ©fol when ampli-
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fication was done with primer set 1, with 1 unit of Mspl when were also identical to those reported Brinfestans, which is
primer set 2 was used, and with 1 unit of EcoRI when primer sets identical to that oP. mirabilis (C. D. Smartunpublished data).

3 and 4 were used. The digested products were then run on a 2% Other molecular markers indicated that this A2 Ecuadorian popu-
agarose gel in TBE buffer at 10 V/cm and visualized with ethid- lation is different fromP. infestans found on potato and tomato in
ium bromide under UV light. Ecuador. For example, all A2 isolates had Pep 100 allele, but

RG57 DNA fingerprints. RFLP fingerprints were obtained for all also an allele that in our analysis had a relative mobility of 76 on
isolates using the moderately repetitive probe RG57 (17). Two mi- starch and 81 with PAGE (Fig. 1). The US-6 isolate banding pat-
crograms of DNA from each isolate was digested with EcoRI for tern was approximately 92/100 on starch, as expected, but was mea-
24 h and then separated on 0.7 or 0.8% agarose gels (56 V, 20 mA) sured as 88/100 with PAGE (Fig. 1). An allele with a mobility of
for 24 to 45 h in 1x TBE. Hybridization and detection were done 78 on starch has been described (11), but we were unable to obtain
using the nonradioactive kit ECL (Amersham, Inc., Buckinghamshire, a representative isolate for comparison. Since electrophoretic run-
United Kingdom) according to the manufacturer’s instructions. ning conditions may change mobilities, we do not know ifRge

Cluster analysis. Gpi, Pep, and mating type data were com- allele we measured for the Ecuadorian A2 population is novel or
bined with RFLP fingerprints as described previously (11) to creatis the same as that reported earlier as 78. In either case, the allele
multilocus genotypes. Using cluster analysis, multilocus genotypese measured does not occur in populations attacking potato or to-
of isolates front. brevifolium andS tetrapetalum were compared mato in Ecuador (26).
with published genotypes Bf infestans taken from a global marker ~ TheGpi banding pattern of all A2 isolates appeared to be 100/100
database (11). Data analyses and presentation of results wereoasstarch (pH 6.0), which differs from the predominant genotypes
described previously (11). of P. infestans that attack potato and tomato in Ecuador (26).

Metalaxyl resistance. Isolates were tested for resistance to 5 and Assessment with the RFLP probe RG57 further differentiated this
100 pg of metalaxyl per ml in 10% unclarified V8 medium andpopulation from those attacking potato and tomato in Ecuador and
classified as resistant, intermediate, or sensitive. Conditions of tl@so indicated that it is novel relative to population®.affestans
test and criteria for classification were described previously (10). that have been reported thus far (11,13). For example, all Ecua-

Pathogenicity. Each isolate was inoculated on detached leafletglorian A2 isolates had three bands that have not been described for
of potato, tomato, anl brevifolium or S. tetrapetalum. An isolate  P. infestans (Fig. 2). We have named these bands 1a, 8a, and 20a,
from potato or tomato was included for comparison. Potato anfbllowing the precedent of other authors (8). The three isolates
tomato leaflets came from 8- to 12-week-old plants grown in thérom the village of Nono, which was the complete sample from
greenhouse, while leaflets frogh brevifolium or S tetrapetalum  that site, had the novel bands but differed from the other Ecuadorian
were collected from plants growing near the experiment station d&2 isolates at three other loci (Fig. 2). Nono isolates lacked bands
the International Potato Center in Quito, Ecuador. Potatoes usedif and 16, but possessed band 19. Bands 10, 16, and 19 have been
these tests included four tetraploid accession$ dilberosum  reported forP. infestans (11).

(cvs. Pimpernel, Alpha, Uvilla, and Yungay), which are free of Cluster analysis (Fig. 3) of a multilocus genotype consisting of
known R genes, and four accessions of dipichureja from the  RFLP, allozyme, and mating type information demonstrated that
Ecuadorian national collection (BOM540, Phu644, SOL059, andoth A2 genotypes fror8 brevifolium andS tetrapetalum are quite
HSO101), also free of known R genes. Isolates were inoculated aiistinct from any previously published genotypes associated with
three of the following tomato cultivars: Flora Dade, FMX-93, Carib,clonally propagated populations finfestans (11). The new geno-
and Heat, which were all free of known major genes for resistandgpes fromS. brevifolium and S tetrapetalum have been named
(Ph genes). EC-2 for the most common one and EC-2.1 for the one fronoN

Inoculum of each isolate was produced on leaflets from its priaccording to a proposed nomenclature (11,14).
mary host, althoug. brevifolium andS. tetrapetalum were used  All isolates fromS brevifolium and S tetrapetalum were of the
interchangeably. Sporangia were washed off the leaves and leftstme mtDNA haplotype, but this haplotype is distinct from those
4°C for 1 h to induce zoospore release. One 10-pl drop of zooeported forP. infestans (2,20). Amplification with each of the
spore suspension (approximately 2 ¥ 26ospores per ml) from four primer sets produced a band that corresponded to published
each isolate was put on either side of the midrib of the abaxiaésults forP. infestans (20). After digestion, however, differences
surface of the leaflets to be tested. Four leaflets of each host-byere detected between the Ecuadorian A2 isolates and described
isolate combination were inoculated. The leaflets were placed iR infestans haplotypes for two of the amplification products. With
the lids of inverted petri dishes containing water agar in the bag@imer sets 1 and 3, the Ecuadorian A2 isolates were characterized
(two leaflets per dish) and incubated for 10 days at 18°C with 14 &s haplotype | (a or b). Nonetheless, amplification with primer set
of light per day. Symptoms were recorded after 7 and 10 days df and digestion withEcoRI produced a novel two-band pattern
incubation. In some cases when lesions did form, lesion diametettsat is not consistent with published results for known haplotypes
were measured as described previously (25) and compared with P. infestans. One of these bands comigrated with the 209-bp
the lesions produced by the control isolates.

1 2 3 4
RESULTS
All 26 isolates fromS. brevifolium andS. tetrapetalum fit the 100
phenotypic description of tHe infestans A2 mating type, produc-
ing abundant oospores when paired with the A1 mating type tester " ; ‘ '
but not with the A2 tester. All 26 isolates had deciduous, semi- - 88

papillate sporangia and a small (2 to 3 um) pedicel. Sporangia hac
a mean length of 26.9 um and a mean width of 16.2 um, which, P " ‘ -81
although relatively small, fall within the range farinfestans (9). -
The rDNA ITS2 characterization also supported the hypothesis
that the A2 isolates fror brevifolium andS tetrapetalum are P.

infestans or are very closely related. We Obtame.d an amp“ﬂecgcuadorian A2 isolates of a Phytophthora population isolated from Solanum
product of approximately 465 bp for all isolates, which cpoess | aiitolium (lanes 1 and 2) and S tetrapetalum (Iane 3) and a US-6 genotype

to preViOU_5|y pU_b"Sh?d results fér in_feStanS and the closely re-  of p. infestans (Iane 4). Relative mobilities were 81/100 for the Ecuadorian
lated specie® mirabilis andP. phaseoli (28). The ITS2 sequences A2 isolatesand 88/100 for US-6.

ig. 1. Peptidase (Pep) profiles from polyacrylamide gel electrophoresis of

Vol. 90, No. 2, 2000 199



-14a
-14

Fig. 2. Restriction fragment length polymorphism genotypes (probe RG57)
characteristic of two clonal lineages of Phytophthora infestans (US-1 and
EC-1) and a Phytophthora population (EC-2 and EC-2.1), al found in
Ecuador. Lane 1, EC-2; lanes 2 and 3, US-1; lane 4, EC-2.1 (a genotype from
the village of Nono belonging to the EC-2 clonal lineage); and lane 5, EC-1.
In Ecuador, genotypes EC-2 and EC-2.1 are found on the wild hosts Solanum
brevifolium and S. tetrapetalum, EC-1 is found on potato, and US-1 is found
on tomato. Arrows on lane 4 identify differences between the Nono EC-2.1
genotype and the EC-2 genotype in lane 1. Arrows on numbers indicate
bands found in all EC-2 and EC-2.1 isolates that have not yet been reported
for P. infestans. The band numbering system on the right was established
previoudy (17).
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band characteristic of haplotypes la and 1b (20), but the other, of
approximately 750 bp, appeared to be a long fragment that in-
cluded the 387- and 361-bp fragments that also characterize haplo-
types la and Ib (20). Therefore, we conclude that the Ecuadorian
A2 isolates lack an EcoRl restriction site that characterizes haplo-
types laand Ib. Using primer set 4 and EcoRlI, haplotypes l1a and
I1b have two bands of 596 and 361 bp (20), which is also different
from Ecuadorian A2 isolates.

Primer set 2 also gave novel banding patterns. After amplifica-
tion and digestion with Mspl, al Ecuadorian A2 isolates had a frag-
ment that corresponds to the 720-bp fragment of haplotypes Ia,
I, and I1b (20). However, unlike I3, I1a, and I1b, the Ecuadorian
A2 haplotype had two additional bands, a bright one with ap-
proximately 125 bp and another fainter band with approximately
100 bp (Fig. 4). Since the amplification product using primer set 2
corresponds in size (approximately 970 bp) to that published pre-
viously, and fragments of 720 and 100 bp were detected, we ex-
pected to find one or more additional fragments that would add up
to approximately 250 bp. Therefore, we deduced that the bright
125-bp band probably consists of two fragments of similar size.
The banding pattern of the Ecuadorian A2 isolates using primer set
2 dso differs from that published for haplotype Ib (20). For these
reasons, the haplotype of the Ecuadorian A2 isolates is novel and
cannot easily be classified using the described system (2).

Pathogenicity on potato and tomato. The Ecuadorian A2 iso-
latesfrom S brevifoliumand S tetrapetalum generaly formed small
necrotic spots on potato and tomato leaflets. Some of the isolates re-
peatedly caused small lesions on both potato (generaly S phurgja)
and tomato, with a little sporulation occurring only on necrotic
tissue. These lesions rarely expanded beyond 2 cm in diameter and
contrasted strikingly with the large, heavily sporulating lesions caused
by potato and tomato isolates on their respective hosts. Host spe-
cificity between potato and tomato isolates also occurs in Ecuador,
but differences measured with the detached leaf test are small and
quantitative (26). The A2 isolates caused actively sporulating le-
sions on S tetrapetalum and S brevifolium after 7 days. Lesions
occupied the entirety of the small leaflets of these species, and
abundant sporulation occurred on green tissue. Isolates from potato
and tomato usually caused no visible symptoms, but occasionally re-
sulted in necrotic flecking on either S tetrapetalum or S brevifolium.

M etalaxyl resistance. Most Ecuadorian A2 isolates almost cov-
ered the control plate (85 mm in diameter) after 1 week, while on
the 5-pug/ml concentration, growth varied between 0 and 80% of
the controls. At 100 pg/ml, none of the isolates had grown at all after
7 days of incubation. Thus, none of the isolates was resistant to
metalaxyl, although 17 were classified as intermediately resistant.

DISCUSSION

The lesions and epidemics seenSrevifolium and S tetra-
petalum strongly resembled those of late blight on potatoes, but
nevertheless, our first concern when we discovered this disease was
whether it was really due @ infestans. Our genetic analyses and
observations regarding host range are consistent with the hypoth-
esis that this population is more similafRRdnfestans than to any
other known species &hytophthora. The population is morphol-
ogically indistinguishable fronP. infestans and has the same
ITS2 sequence &R infestans, P. mirabilis, andP. phaseoli. The
A2 population in Ecuador can be distinguished frianphaseoli
based on sporangia form and oospore formafophaseoli is ho-
mothallic) and fronP. mirabilis based on host range. The isolates
we studied attack plants within the same genus as potato and to-
mato, and some isolates weakly attack both of these cultivated hosts.
The primary hosts dP. mirabilis andP. phaseoli are not closely
related to the genu®lanum. Nonetheless, the Ecuadorian A2 popu-
lation differs fromP. infestans based on RFLP fingerprir®Pep ge-
notype, mtDNA haplotype, and primary host. Therefore, subsequent
genetic analyses, especially quantitative assessment of gene flow,



may eventually warrant the description of anew species of Phytoph-
thora for the A2 isolates of Ecuador. This type of analysis was
recently used to demonstrate that P. infestans and P. mirabilis are
different species (18).

Lack of sexual recombination in the A2 population from S bre-
vifolium and S tetrapetalum is supported by low genetic diversity
(two genotypes from 26 isolates), the apparent absence of similar
genotypes with the A1 mating type, and heterozygosity at the Pep
locus for all individuas. Therefore, if this population is P. infestans,
it represents the third, clonally propagated, host-specific popula
tion of P. infestansto be identified in Ecuador to date. Earlier studies
demonstrated that tomatoes in Ecuador are attacked by the clonal
lineage US-1 (26) and potatoes by the clona lineage EC-1 (10). Fol-
lowing a suggested nomenclature (11) and until more thorough tax-
onomic studies can be done, we designate the A2 population attack-
ing S brevifolium and S tetrapetalum as EC-2 of the species P.
infestans.

At this point, we included the isolates from Nono in the same
clona lineage as the other Ecuadorian A2 isolates, even though
they differ by three RFLP bands. We used conventional nomen-
clature (11,14) to identify the Nono genotype as EC-2.1, within the
clona lineage EC-2. This was done because the Nono isolates are
identical to the other A2 isolates in al other aspects including
morphology, presence of three novel RFLP bands, the Pep 76/100
genotype, and the novel mtDNA haplotype. This approach aso
seems appropriate at this time because our sample sizeis small (n =
26) and, therefore, nothing is known about the genetic structure of
this population outside our sampling area. Both hosts are fairly com-
mon in the Andes, and we assume that this pathogen population
exists in other parts of Ecuador and perhaps even in other countries.
Further information could lead to a reconsideration of the classifi-
cation of the Nono subpopulation.

Our studies provide no evidence for gene flow between this A2
population and the A1 populations of P. infestans on potato and
tomato in Ecuador. Severa neutral markers (three RFLP bands,
the A2 mating type allele, the Pep 76 allele, and the mtDNA haplo-
type) and sensitivity to metalaxyl differentiate the A2 clond lineage
from populations attacking potato and tomato (10,26). Absence of
acommon host in nature could provide the principal barrier to gene
flow, but low sexual compatibility may also be involved. We
paired some A2 isolates with A1 isolates from potato and tomato
and then visually examined about 200 oospores per cross with light
microscopy. Approximately 25% of the oospores appeared well
developed in the crosses with Al isolates from potato. Oospores
were less abundant, and less than 10% were well developed in the
crosses with A1l isolates from tomato. We do not know if oospores
that appear viable would produce viable progeny or if these prog-
eny would be pathogenic on the hosts of the parent isolates. None-
theless, the potential for gene flow between this A2 population
and A1 populations on potato and tomato deserves further exami-
nation. Transfer of the A2 allele to potato or tomato populations
could have major epidemiological consequences.

It is difficult to speculate on the origin of the Ecuadorian A2
population. It is unique and dissimilar to other known popul ations
of P. infestans, but, as we mentioned earlier, studies done to date
have focused on the potato and tomato populations of P. infestans
and not populations attacking alternative hosts. Therefore, the unique
character of the Ecuadorian A2 population may be due, at least in
part, to sampling bias. Examination of non-tuber-bearing species
of Solanum in other parts of the world may lead to the discovery
of new genotypes of P. infestans or closely related Phytophthora
species. These could provide links between the Ecuadorian A2
population and the well-studied populations of P. infestans that at-
tack potato and tomato.

In spite of sampling problems, it appears unlikely that the Ec-
uadorian A2 population arrived in Ecuador as part of either one of
the two main migrations of P. infestans that have been described
to date (13). These two migrations are well documented and the
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Fig. 3. Cluster analysis of genotypes of Phytophthora infestans coming from
a published database representing putatively clona populations worldwide
(11) and two Phytophthora genotypes (EC-2 and EC-2.1) coming from two
Ecuadorian wild hosts, Solanum tetrapetalum and S. brevifolium. The analy-
sisis based on a distance coefficient (Jaccard) for multilocus genotypes con-
sisting of restriction fragment length polymorphism fingerprint with the RG57
probe, mating type, and dilocus alloenzyme genotype. Genotype labels are the
International Organization for Standardization (1SO) two-letter country code
plus a unique number (11). Those labels followed by an asterisk indicate the
A2 mating type.
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Fig. 4. Pattern of bands produced after polymerase chain reaction amplification
with primer set 2 and digestion with Mspl for previoudly described mitochon-
drial DNA (mtDNA) haplotypes of Phytophthora infestans (20). Lane 1, DNA
ladder (numbers are the approximate size in base pairs); lanes 2 to 7, Phy-
tophthora isolates from Solanum brevifolium and S. tetrapetalum; and lane 8,
mtDNA haplotype laor |1b of P. infestans.
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genotypes involved are not related to the Ecuadorian A2 genotypes.
Thus, if the Ecuadorian A2 population did originate in Mexico, it

must have come to Ecuador via another migration. How and when
this may have happened is unclear. Therefore, the possibility that

the A2 population is indigenous to Ecuador cannot be eliminated

at thistime.
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