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Abstract

Thirty-nine isolates of Phytophthora infestans were collected from the wild host Solanum ochranthum in the
highland tropics of Ecuador and characterized with a set of phenotypic and molecular markers (mating
type, metalaxyl sensitivity, the allozyme loci Gpi, and Pep, mitochondrial DNA haplotype, RFLP, and
SSR), as well as for pathogenicity on various hosts. Three groups of isolates (A, B, and C) were identified
based on their multilocus genotypes and variable abilities to cause disease on different hosts. Group A had
a combination of alleles for the Gpi (86/100), Pep (96/100) and mtDNA (Ia) loci, as well as an RFLP
fingerprint, that have not been reported for P. infestans in Ecuador, or elsewhere. Group B shares many
marker characteristics with the US-1 lineage described in Ecuador on tomato, pear melon (S. muricatum),
and S. caripense, but has SSR alleles not present in typical US-1 isolates. Group C for all markers tested is
identical to the EC-1 lineage described on cultivated and wild potatoes in Ecuador. All isolates from
S. ochranthum were able to re-infect their host of origin in the detached leaf assay; however, we did not
draw clear conclusions as to the relative aggressiveness of the three groups on this host. Isolates of group A
were the most specialized and were generally non-pathogenic or weakly pathogenic on all hosts other than
S. ochranthum. Groups B and C infected tuber-bearing hosts, including the cultivated potato but were
generally non-pathogenic on other non-tuber bearing hosts. Solanum ochranthum was infected by isolates
coming from tuber-bearing Solanum hosts (i.e., the EC-1 lineage of P. infestans) and some US-1 isolates
from non-tuber bearing hosts. Thus, in nature this species might be a potential reservoir of inoculum of
different pathogen populations able to infect the cultivated hosts potato, tomato and pear melon
(S. muricatum). Unlike potato and tomato in Ecuador, each of which is primarily attacked by a highly
specialized pathogen population, S. ochranthum appears to harbour at least three pathogen groups
of different genetic make-up. The unresolved issue of potential host specificity in isolates found on
S. ochranthum could complicate efforts to use this species in tomato improvement.

Introduction potato (Solanum tuberosum) worldwide and a
very severe disease of tomato (S. lycopersicum).
The oomycete pathogen Phytophthora infestans Most research on this pathogen has been

causes late blight, the most important disease of conducted in the temperate zone on potato and
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tomato, but the pathogen is reported to infect
more than 100 hosts, most of them in the family
Solanaceae, occurring in many parts of the world
(de Abad and Henfling, 1982; Erwin and Ribeiro,
1996; Patifio et al., 1999). In recent studies in the
tropical highlands of Ecuador we identified at least
18 host species in the Solanaceae with blight-like
symptoms in nature (Adler et al., 2004). Some of
the pathogen genotypes attacking these hosts are
atypical and may eventually be described as one or
more new species of Phytophthora (Adler et al.
2004). For the purpose of this paper, however, all
will be considered P. infestans, the species that
most adequately accommodates these pathogen
genotypes.

In Ecuador, five groups of P. infestans have
been detected (Erselius et al., 1999; Chacon et al.,
2002; Adler et al., 2004). Three of these appear to
be clonal lineages, each characterized by a partic-
ular mating type, mitochondrial DNA (mtDNA)
haplotype, nuclear RFLP fingerprint and isoen-
zyme electrophoretic pattern. Each of the three
lineages has been described in detail: EC-1 (Forbes
et al.,, 1997), US-1 (Oyarzun et al., 1998), and
EC-3 (Adler et al., 2004). Another pathogen group
was described as the EC-2 clonal lineage (Ordofiez
et al., 2000) but we have since identified new
genotypes of P. infestans similar to EC-2 but dif-
fering in mating type and mtDNA haplotype.
Clearly, the EC-2 group with its two mating type
subgroups does not fit the definition of a clonal
lineage and this population has subsequently been
referred to as the Anarrhichomenum group, in
reference to the series in the genus Solanum com-
prising the varied and poorly defined plant species
that these pathogens attack (Adler et al., 2004).

The hosts of P. infestans in Ecuador can be
attacked by different pathogen lineages or groups,
but generally only one of these pathogen groups is
highly aggressive on each host species (Forbes
et al., 1997; Oyarzun et al., 1998; Erselius et al.,
1999). This observation holds for most pathosys-
tems we have studied, but not all. The cultivated
pear melon (S. muricatum) was thought to be
attacked exclusively by isolates belonging to the
US-1 lincage (Erselius et al., 1999), but recently
pathogen genotypes belonging to the Anarrhi-
chomenum group were found on this host in two
separate epidemics, which occurred in the same
geographic area but in subsequent years.
Re-inoculation of these isolates on pear melon

demonstrated that they were highly aggressive
(Adler et al., 2002). US-1 and the Anarrhichome-
num group are genetically distant and have dif-
ferent mating types (Adler et al., 2004).

Another host apparently attacked with regular-
ity in nature by two or more pathogen groups is
S. ochranthum Dunal, a woody vine growing in
moist habitats of the northern Andes (Stommel,
2001). The initial isolates of P. infestans from
S. ochranthum were identified as either EC-1 or US-
1. Re-inoculation studies indicated that the US-1
isolates were more aggressive on S. ochranthum and
were therefore considered the primary pathogen
group (Erselius et al., 1999). However, subsequent
isolations and pathogenicity studies were incon-
sistent with original observations, and new EC-1
isolates were found that were aggressive after re-
inoculation. We had hypothesized that EC-1 was
introduced into the Andes from Europe during the
last two decades and replaced US-1 as the major
pathogen lineage on potato (Forbes et al., 1997)
but not on tomato (Erselius et al., 2000). Based on
recent isolations of EC-1 from S. ochranthum,
lineage displacement on that host also appeared to
be a plausible hypothesis.

Solanum ochranthum and three other species,
S. juglandifolium, S. lycopersicoides and S. sitiens
form the series Juglandifolia in the section Petota,
subgenus Potatoe (Hawkes, 1990). Potatoe is the
group most closely related to tomato (Rick,
1979), with S. juglandifolium and S. ochranthum
being the closest species (Peralta and Spooner,
2001). Solanum ochranthum can potentially be
used in tomato improvement as a source of
resistance to insects, bacteria, fungi, viruses
(Rick, 1986; Rick et al., 1990), and P. infestans
(Kobayashi et al., 1994). Resistance in S. och-
ranthum could also be transferred to potato via
genetic engineering.

It is important to elucidate the complex and
potentially dynamic relationship between S. och-
ranthum and P. infestans in Ecuador for several
reasons. First, the utility of S. ochranthum as
a source of resistance to P. infestans will be
enhanced by understanding the host—pathogen
relationship of this plant species. Observation of
disease caused by an alternative and weak patho-
gen population may lead to spurious conclusions
regarding the degree of resistance. Knowledge of
the host/parasite relationship for S. ochranthum is
also important because this plant species grows in



the same environment as potato and tomato and
may play a role as an inoculum reservoir. Finally,
the S. ochranthum story is one more piece in the
complex puzzle of interactions between solana-
ceous plants and P. infestans in the Ecuadorian
Andes, which has intrigued us for the last decade
(Adler et al., 2004).

The objective of this study was to provide fur-
ther information about the S. ochranthum/P. in-
festans pathosystem. Specifically, with this study
we attempted to test the hypothesis that S. och-
ranthum is attacked by several groups of P. infe-
stans, but one of these is more highly adapted to
the host than the others. This was done by
enlarging the sample size of isolates through new
explorations and comparing all isolates with a
suite of molecular and phenotypic markers. Iso-
lates were also compared for pathogenicity on
S. ochranthum and several other hosts of P. infestans.

Materials and methods
Pathogen collection

Thirty-nine isolates of P. infestans (Table 1)
collected from S. ochranthum in the Ecuadorian
provinces of Carchi, Imbabura, and Pichincha
between 1997 and 2004 (Figure 1) were evaluated
in this study. From 2001 on, collection sites were
geo-referenced with GPS. In most cases, isolates
were collected on plants with sporulating foliar

Table 1. Isolates of Phytophthora infestans collected from
Solanum ochranthum between 1997 and 2004 in the tropical
highlands of Ecuador

Year Province Collection site Number Group®
1997 Pichincha Cutuglahua 1 A
1998 Pichincha Cutuglahua 1 A/C
2001 Pichincha Cutuglahua 3 A
2003 Pichincha Cutuglahua 1 C
2004 Pichincha Cutuglahua 4 A
1997 Carchi El Angel 21 C
1997 Imbabura Otavalo 1 B
1999 Imbabura Otavalo 1 B
2002 Imbabura Otavalo 1 (o
2003 Imbabura Angochagua 5 C

4Group designation based on Gpi, Pep, mtDNA, RFLP
fingerprint, and SSR alleles.

®This is a different collection location from the others in
Otavalo.
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lesions that resemble those produced by P. infe-
stans on potato. In all cases, an effort was made to
isolate from tissue containing only one lesion.
Isolation was done by trapping with potato tuber
slices (Forbes et al., 1997) or with a selective
medium (Oyarzun et al., 1998). Isolates were
maintained for short periods on Rye A and Rye B
medium (Caten and Jinks, 1968) at 18 °C in the
dark, and stored for longer periods on Rye A agar
slants at 15 °C with 12-h photoperiod. The isolates
collected before 2001 were described previously,
although in less detail (Erselius et al., 1999; Ord-
onez et al., 2000; Chacon et al., 2002; Adler et al.,
2004).

Pathogen characterization

Isolates were characterized for mating type, met-
alaxyl resistance, glucose-6-phosphate isomerase
(Gpi), peptidase (Pep), mitochondrial haplotype
(mtDNA), DNA fingerprint (RFLP), and micro-
satellites (SSR).

Mating type was determined by pairing agar
plugs of each isolate with known A1l and A2 iso-
lates on 10% clarified V8 agar (Goodwin et al.,
1992b). After 14 days at 18 °C, paired isolates
were assessed for the presence of oospores in the
zone of interaction by visual examination under a
dissecting microscope. Isolates that produced
oospores with the known Al tester were desig-
nated A2 mating type and those that produced
oospores with the A2 tester were designated Al
mating type.

Isolates were tested for resistance to 5 and
100 mg ml™" of metalaxyl in 10% unclarified V8
medium and classified as sensitive, intermediate, or
resistant. Conditions of the test and classification
criteria were described previously (Forbes et al.,
1997). Isolates were considered sensitive to metal-
axyl if radial growth on 5 ppm reached 40% of the
0 ppm control; intermediate if radial growth was
greater than 40% of the control on 5 ppm but not
on 100 ppm; and resistant if radial growth on
100 ppm was greater than 40% of the control.

Isozyme electrophoresis for Gpi and Pep was
done on starch (Spielman, 1991) and polyacryl-
amide gels. Polyacrylamide gel electrophoresis
(PAGE) was carried out as described by Adler et
al. (2004). Mitochondrial haplotypes were also
determined as described previously (Adler et al.,
2004) and classified as Ia, Ib, IIa, IIb (Carter et al.,
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Figure 1. Collection sites of isolates of Phytophthora infestans from Solanum ochranthum in Ecuador between 1997 and 2004. Num-

ber of isolates at each locality in parentheses.

1990; Griffith and Shaw, 1998) or Ic (Oliva et al.,
2002).

Restriction fragment length polymorphisms
(RFLP) were obtained using the moderately
repetitive probe RG-57 (Goodwin et al., 1992a)
and the non-radioactive kit ECL (Amersham
Pharmacia Biotech) according to the manufac-
turer’s instructions. The DNA marker A, HindIII
(10 ug ml™' Amersham Pharmacia Biotech) was
used as reference for relative band sizes.

Isolates were also evaluated with four SSR
primers (4B, 4G, 1F, and 2D) previously published
by Knapov et al. (2001). PCR amplifications were
performed in a 10 ul volume containing 5 ng of
genomic DNA of P. infestans, 1 ul of 10x PCR
buffer (Amersham Pharmacia Biotechnology Inc.),
0.1 mM of each dNTP, 0.2 uM ecach of forward
and reverse primers, and 0.7 U of Tag DNA
polymerase (Amersham Pharmacia Biotechnology
Inc.). One quarter of the forward primer was end-
labelled with (y-*P) ATP (1000-3000 Ci/mmol;
Amersham Pharmacia Biotech Ltd.). PCR was
performed in an OmniGene cycler (MWG-Bio-
tech) under the following conditions: 33 cycles of
40 s at 94 °C, 40 s at 60 °C and 20 s at 72 °C, with
a final extension of 10 min at 72 °C. Before load-
ing, the radio-labelled PCR products were dena-
tured by adding one volume of denaturing 6x gel
loading buffer (15% Ficoll, 0.25% bromophenol
blue, and 0.25% xylene cyanol FF) and heating at

94 °C for 5 min. Microsatellite alleles were sepa-
rated by running the reactions on a 6% denaturing
acrylamide gel (SequaGel XR, National Diagnos-
tic) in 1x TBE buffer using an IBI DNA
sequencing unit (BioMax STS45i; Kodak/Inter-
national Biotechnology Inc.) at 1700 V. After this
run, gels were transferred onto Whatman 3 mm
paper (Whatman International Ltd.), dried at
80 °C in a gel dryer (Bio-Rad Laboratories) for
1-2 h, and exposed for 2448 h to an X-ray film
(Kodak Biomax MR; Eastman Kodak Company).
Films were developed in a CURIX 60 (AGFA)
developing machine.

Pathogenicity tests

Phytophthora infestans isolates collected from
S. ochranthum were re-inoculated on S. ochranthum
and also on several other hosts from the highlands
of Ecuador, some of which are tuber-bearing
(hereafter referred to as Petota hosts) and others
that are non-tuber bearing (hereafter referred to as
non-Petota hosts). Isolates collected on these hosts
(Petota and non-Petota isolates, respectively) were
also inoculated on S. ochranthum.

Leaflets used in the detached leaf assays came
from different sources: host plants collected
directly in their natural environments, plants de-
rived from true potato seed (from berries collected
in the field) and seed tubers, plants growing near



the CIP station in Quito, Ecuador, and plants
bought in markets. Solanum ochranthum leaflets
were collected from plants growing naturally in a
gorge near the CIP station. For most species,
including S. ochranthum, the first pair of fully
expanded lateral leaflets was taken from a healthy
leaf, and in the case of potted plants this was taken
from the upper third of the plant. For other
species, such as S. betaceum, S. quitoense, S. cari-
pense, and S. paucijugum, whole leaves were used,
although hereafter we refer to all tissues as leaflets.
Leaflets were washed with tap water, towel dried
and stored abaxial side up in the lids of inverted
Petri dishes which contained water agar (4%) in
the base. Petri dishes were subsequently used as
high humidity chambers for inoculation and
incubation.

Petota isolates were first inoculated on leaflets
of potato cultivars or of their original hosts to
restore aggressiveness after cultivation on rye agar.
Non-Petota isolates were multiplied on green
tomato fruits or, when these were not available
(for S. ochranthum and S. quitoense), on Rye A
medium. Some attempts were made to multiply
isolates from S. ochranthum and S. quitoense on
host leaf tissue, but because of long incubation
periods, contamination and scarce sporulation
(S. quitoense) this approach failed to consistently
produce sufficient inoculum. Whether from living
tissue or Rye A medium, sporangia were rinsed
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several times with distilled water over a 12 um
filter. Attempts to standardize inoculum concen-
trations were unsuccessful so variable concentra-
tions were used, which ranged from 6,000 to
30,000 sporangia ml~". One 10 ul drop was placed
on the abaxial side of each leaflet close to the
midrib. Petri dishes containing inoculated leaflets
were incubated at 15 = 2 °C with 14 h of fluores-
cent light per day. Evaluations were made 5, 6, 7
and 10 days after inoculation. Pathogenicity, or
ability to cause infection, was based on presence of
signs (sporangiophores and/or sporangia) within a
10-day period. All inocula were checked for
inherent pathogenicity by inoculation on their host
of origin.

Results
Pathogen characterization

All S. ochranthum isolates tested were of the Al
mating type. The majority of isolates were sensi-
tive to metalaxyl, as only two had an intermediate
resistance. These two were collected in Carchi and
belonged to group C (grouping described below).

All isolates of S. ochranthum except one fell into
one of three distinct groups, designated A, B, or C,
based on mtDNA haplotype, isoenzyme pattern,
RFLP fingerprint, and SSR alleles (Table 2). The

Table 2. Multilocus genotypes of Phytophthora infestans isolates collected from Solanum ochranthum in Ecuador between 1997 and

2004
Group® Isolate # Province Gpi  Pep  mtDNA RFLP fingerprint® SSR¢
4B 4G 1F
A 8 Pichincha 86/100 96/100 Ia New 212 216 161 128 166
101 010 100 100 110 101 111 001 1; 00100
B 2 Imbabura 86/100 92/100 Ib US-1 216 220 161 112 118 164
101 010 101 100 110 100 011 001 1; 00100
C 28 Carchi (21) 90/100 96/100 IIa EC-1 206 216 220 157 1619 120°
Imbabura (6) 111 010 100 100 110 100 011 001 1; 00101
Pichincha (2)
A/Cf 1 Pichincha 86/100 96/100 Ila New 206 216 220 157 161 120

101 010 100 100 110 101 111 001 1; 00100

4Group designation based on Gpi, Pep, mtDNA, RFLP fingerprint, and SSR alleles. All isolates were A1 mating type.

PRFLP banding pattern based on probe RG-57 (Goodwin et al., 1992a). Presence or absence of bands is indicated by 1 and 0,
respectively. From left to right, the bands refer to band positions 1 to 25, followed by bands la, 8a, 14a, 20a, and 24a.
“Microsatellite primers described by Knapova et al. (2001). Unique alleles for each primer are shown in italics.

90ne isolate from Carchi was 157.

°One isolate from Carchi was 119 120. One isolate from Imbabura was 118 120.

Intermediate type between A and C groups.
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SSR primer 2D was not polymorphic and there-
fore was not included in the analysis.

Group A had a combination of alleles not
reported previously for any pathogen genotype in
Ecuador (Adler et al., 2004). The eight isolates in
this group were characterized by Gpi 86/100, Pep
96/100, Ia mtDNA haplotype and an RFLP fin-
gerprint different from any described previously
(Table 2, Figure 2). The fingerprint lacked bands 2
and 24a, present in the EC-1 lineage, and had
bands 18 and 19, previously described for the
RFLP fingerprint EC-2.1 (Anarrhichomenum
group) (Ordofiez et al., 2000). Isolates in group A
were collected in the province of Pichincha, near
the CIP station, between 1997 and 2004 (Table 1).

The second group, B, comprised two isolates
similar to the US-1 lineage, that were collected in
the province of Imbabura (close to Otavalo) in
1997 and 1999 (Table 1). These isolates had mar-
ker data identical to US-1, including Gpi 86/100,
Pep 92/100, Ib haplotype, and an RFLP finger-
print identical to that of US-1 (Table 2). However,
two of the SSR alleles associated with these iso-
lates have not been found in other US-1 isolates we
have tested (unpublished data).

The third group, C, included isolates collected in
Carchi (El Angel), Imbabura (Otavalo), and
Pichincha (CIP station) between 1997 and 2003
(Table 1). Based on the markers we used, these
isolates were identical to previous descriptions of
EC-1 (Table 2, Figure 2). Our unpublished data
indicate that these isolates are also identical to
EC-1 for SSR alleles.

The SSR characterization revealed 12 alleles for
the loci 4B, 4G, and IF (Table 2) with loci 4B and
IF being more polymorphic than 4G. The three
isolate groups could be distinguished based on the
combination of alleles and, in most cases, each
group had a specific genotype at each locus
(Table 2). Some alleles were associated only with a
particular isolate group, with locus IF having the
highest number of these. At the 4B locus, alleles
212 and 206 were exclusive of groups A and C,
respectively (Figure 3). At locus 4G, allele 157 was
exclusive of C. At locus IF, all three groups had at
least one unique allele: alleles 128 and 166 for A;
112 and 164 for B; and 120 for C.

Isolate 3222, collected in 1998, had common
characteristics between A and C groups (Table 2).
It had the isoenzyme pattern and the RFLP
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Figure 2. RELP fingerprints (with RG-57) of Phytophthora in-
festans isolates collected on Solanum ochranthum in Ecuador.
Lane 1 = group A (new), lane 2 = group C (EC-1), lane
3 = A DNA marker. Band numbers are listed on the left
side.
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Figure 3. Microsatellite (SSR) banding patterns of Phytophthora infestans isolates collected from Solanum ochranthum in Ecuador.
(a) Primer 4B: lane 1 = US-1 collected from Solanum lycopersicum, lane 2 = EC-1 collected from S. paucijugum (Petota), lane
3 = group A, lane 4 = group B, and lane 5 = group C; (b) Primer 4G: lane 1 = group A, lane 2 = group B, lanes 3 to
6 = group C, lane 7 = EC-1 collected from S. tuguerrense, and lane 8 = group C; (c) Primer 1F: lane 1 = EC-1 collected from
S. paucijugum, lane 2 = group C, lane 3 = group B, lane 4 = group A, and lane 5 = group C. The size of bands (bp) is noted

on the left side of each image.

fingerprint of the A type, but the mtDNA and SSR
alleles were the same as group C.

Pathogenicity tests

Most isolates tested, including those from S. och-
ranthum, were able to re-infect their host of origin
in the detached leaf assay. The only exception was
the intermediate isolate described above (no.
3222), which did not re-infect S. ochranthum.
Group A isolates were the most specific among
those from S. ochranthum and generally did not
infect hosts other than S. ochranthum, although
one isolate did cause a sporulating lesion on the
potato (S. tuberosum) cultivar INTAP-Catalina.
All other inoculation attempts of group A on
Petota and non-Petota materials generally caused
no symptoms or signs of infection, except that in a
very few occasions necrotic spots were observed.
The other two groups (B and C) were generally
pathogenic on Petota species, but for the most part
did not cause sporulation on non-Petota hosts
within 10 days of inoculation except for two cases
in which small lesions with some sporulation were

visible. Most reactions between B and C groups
and non-Petota hosts caused no visual symptoms.

Isolates from Petota hosts were of variable
pathogenicity on S. ochranthum. Twelve of 18 EC-1
isolates we tested, coming from the nine Petota
species, caused sporulating lesions within 10 days.
Isolates from non-Petota hosts were generally non-
pathogenic on S. ochranthum. The Anarrhichome-
num group isolates, involving both Al and A2
mating types, and one isolate from the flower of
Brugmansia sanguinea, caused no lesions on S.
ochranthum. Only one isolate from EC-3, which
attacks S. betaceum, was inoculated on S. och-
ranthum, and it did not cause a lesion. Likewise,
two isolates from S. quitoense caused no lesions on
S. ochranthum. US-1 isolates coming from several
hosts (S. caripense, S. lycopersicum, and S. muric-
atum) were variable with about half causing
lesions, which remained small and had reduced
sporulation. There was no apparent association
between the origin of the US-1 isolate and its
pathogenicity on S. ochranthum. Therefore, over-
all, US-1 isolates generally appeared to be patho-
genic but of limited aggressiveness.
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Discussion

The hypothesis we proposed to test, that S. och-
ranthum is attacked by more than one pathogen
group of P. infestans in Ecuador and that one of
these is most highly adapted, was only partially
tested. It is clear that different pathogen groups
were associated with this host but it is not clear
that a particular one was highly adapted to the
host. Therefore, we cannot exclude the possibility
that S. ochranthum is not a primary host of
P. infestans in Ecuador and infections may repre-
sent selection of occasional pathogenic clones from
the population of airborne spores. Further
research on a larger sample is needed to determine
whether there is a population of P. infestans that
has adapted over time to S. ochranthum.

Our efforts to enlarge the collection of isolates
of P. infestans from S. ochranthum were only
partially successful. This is primarily due to the
scarcity of the plant in nature and the even greater
patchiness of the disease. Ironically, this uncom-
mon species grows in a humid ravine within 400 m
of the CIP experiment station. In that location it
almost always has lesions, although two different
pathogen groups were collected there in different
years (see collection site Cutuglahua, Table 1).
Solanum ochranthum also was found in a number
of locations but without disease (not reported
here). Even after extensive searching, the 39 iso-
lates we characterized represent only five locations,
some of which were visited in subsequent years. In
spite of this reduced number of collection sites, we
found a variable pathogen population associated
with this host species.

The three pathogen groups we found on
S. ochranthum are distinguishable by their mul-
tilocus genotypes. With the markers most com-
monly used for this pathogen species (e.g.,
isozymes, mtDNA, RFLP), two of the pathogen
groups described on S. ochranthum could be placed
into two previously described lineages of the path-
ogen. Group B shares characteristics with the US-1
lineage described in Ecuador on S. lycopersicum,
S. muricatum, and S. caripense (Oyarzun et al.,
1998) and elsewhere (Goodwin et al., 1994); how-
ever, the two US-1 isolates we collected from S.
ochranthum have two SSR alleles (112 and 118 from
locus 1F) not found in other US-1 isolates from
Ecuador (unpublished data). Therefore, it would
appear that Group B is a sub-group of US-1. This

hypothesis is consistent with the low pathogenic
aggressiveness of typical US-1 isolates on S. och-
ranthum.

Group C is identical for all markers tested,
including SSR alleles (G. Chacon, unpublished) to
the EC-1 lineage described on cultivated and wild
potatoes in Ecuador (Forbes et al., 1997; Adler et
al., 2004). Group C is the only one comprised of
isolates with intermediate sensitivity to metalaxyl
(all isolates of the other two groups were sensitive).
The intermediate group C isolates were collected in
Carchi, the main potato-producing province in
Ecuador, where resistance to this fungicide has been
described in EC-1 isolates from potato (Forbes et
al., 1997). Our inoculation studies would support
(although not conclusively prove) the hypothesis
that EC-1 from cultivated and wild potatoes can
multiply on S. ochranthum. However, it is unclear
why the EC-1 isolates we isolated from S. ochrant-
hum did not infect tomato in the pathogenicity test.
Though not the primary pathogen lineage attacking
tomato in Ecuador, EC-1 does infect tomato and
detached leaf inoculations in the past identified only
small differences in pathogenic aggressiveness
between EC-1 and the tomato-adapted US-1
(Oyarzun et al., 1998). Nonetheless, in that study, a
few of the potato isolates did not infect any of the
tomato differentials that were used.

Unlike the two groups described above, group A
is not associated with a known pathogen lineage.
In this group, the combination of alleles at the Gpi
(86/100), Pep (96/100) and mtDNA (Ia) loci, as
well as the RFLP fingerprint, have not been
reported for P. infestans in Ecuador, nor else-
where. This group also appeared to be the most
highly specialized of the three, attacking only
S. ochranthum among the potential hosts we tested
(Table 2). In an earlier study, Group A was
probably misidentified as typical US-1 based on its
86/100 Gpi pattern (Erselius et al., 1999).

Our sample was too small for conclusions about
the population dynamics of P. infestans on this
host, but there was, nonetheless, apparent geo-
graphic sub-structuring in the population. Group
A was only found in the Cutuglahua site and
group B was only found in Otavalo. Group C was
more generalized but was principally found in the
north in Carchi and Angochagua. One clear C
isolate was also found in Cutuglahua.

In addition to the three groups we identified, all
apparently clonal, we identified one isolate that



appeared to be intermediate between groups A and
C. This isolate was found in Cutuglahua, a loca-
tion where both groups A and C were also
collected. Therefore it appears possible that the
intermediate isolate may be a product of asexual
recombination (Shaw, 1991). With this isolate, we
were unable to cause infection on leaves of
S. ochranthum (also taken from Cutuglahua),
which would indicate the isolate is not, or is no
longer, pathogenic. We propose that the A and C
isolate is neither a heterokaryon nor a mixture of
isolates because either would have produced a
multilocus marker genotype that included all
alleles in both A and C.

Due to problems of inconsistent inoculum pro-
duction, variable host tissue age, necrosis associ-
ated with some lesions and long incubation
periods in the leaf assay, we could not draw clear
conclusions as to the relative aggressiveness of the
three pathogen groups on S. ochranthum. Patho-
genicity tests were used as a general indicator of
pathogenicity and not for quantifying differences
in aggressiveness among isolates or groups. Since
only five locations were found where isolates could
be collected, predominance in the field is also not a
good indicator of adaptation.

In Ecuador, S. ochranthum is a third example of a
host species that has been associated with repeated
isolations of more than one pathogen group or
clonal lineage of P. infestans in nature. The first case
was S. andreanum, where both the EC-1 and US-1
lineages were isolated (Erselius et al., 1999) and the
second was S. muricatum, where both the US-1 and
EC-2 isolates were identified (Adler et al., 2002,
2004). Interestingly, all isolations from S. andrea-
num subsequent to the study mentioned above
produced only EC-1 isolates, so the isolation of US-
1 appears to be a rare event. Similarly, although EC-
2 isolates were found twice on S. muricatum, they
were not found in subsequent studies, even in the
same geographic area. These cases may represent
occasional opportunistic infection from other hosts;
however, the case of S. muricatum i1s nonetheless
significant because the two pathogen populations
were of different mating type. A common host for
different mating types could increase the probability
of sexual reproduction.

The relatively clear situation for potato and
tomato and the less clear situation for the other
hosts mentioned here may reflect peculiarities,
already highlighted, of disease systems that occur
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sporadically in nature, and in some cases on hosts
that are found in a limited number of locations
(e.g., S. ochranthum and S. andreanum). In addi-
tion to host adaptation, the presence of a given
pathogen genotype on a host may be due to
availability of inoculum after periodic dry spells.
Even in a relatively ubiquitous cultivated host
like potato, founder effects and other fitness
characteristics may help preserve less aggressive
isolates in a pathogen population (Lebreton et al.,
1999).

Potential variation in the host may also
influence the pathogen population structure in
Ecuador. Variability has been described among
genotypes of S. ochranthum (Correll, 1962;
Hawkes, 1990) and although we were not able to
distinguish different genotypes in our collection,
this possibility cannot be ruled out. However, as
noted, two pathogen groups (A and C) were
sequentially isolated in different years from the
same plants growing in Cutuglahua near the CIP
station (Table 1). Thus, in this case the host
genotype did not appear to be a determining factor
in the presence of any particular group, at least for
groups A and C.

This study showed that S. ochranthum can be
infected by EC-1 isolates from potato and to a
lesser extent by US-1 isolates from tomato and
S. muricatum. Thus, in nature this species might be
a potential reservoir of inoculum of different lin-
eages able to infect these cultivated crops. Solanum
ochranthum as a perennial is available as an
alternative host of P. infestans at any time of the
year. The tendency of this species to grow close to
sources of water makes it an ideal refuge for the
pathogen during dry spells. Even during a drought
period when disease pressure is low, conditions
inside the lush vines may be suitable for the
pathogen to survive for extended periods.

The potential use of S. ochranthum as a source
of resistance to P. infestans should be considered
with caution until more isolates are screened and
the host—pathogen interactions between P. infe-
stans and this host species are clarified. Typical
US-1 isolates, representing the primary pathogen
lineage of tomato in Ecuador, were weakly path-
ogenic on S. ochranthum in our test. The two iso-
lates like US-1 that we found on this host may
represent a specialized sub-population of the line-
age that had partially adapted to the host. If
S. ochranthum were used as a source of resistance,
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segregating progeny should be screened against an
aggressive pathogen population. The suggestion of
Flier and Turkensteen (1999), that resistance
screening should be done with several diverse
pathogen genotypes, may be the best option for
this pathosystem until more is known about
pathogen diversity on S. ochranthum.

Isolates representing the different groups are
available from G. Forbes.

Acknowledgements

We thank the Swiss Agency for Development
and Cooperation (SDC) and the Swiss Center for
International Agriculture (ZIL) for financial
support.

References

Adler NE, Chacon G, Flier WG and Forbes GA (2002) The
Andean fruit crop, pear melon (Solanum muricatum), is a
common host for Al and A2 strains of Phytophthora
infestans in Ecuador. Plant Pathology 51: 802.

Adler NE, Erselius LJ, Chacon MG, Flier WG, Ordonez ME,
Kroon LPNM and Forbes GA (2004) Genetic diversity of
Phytophthora infestans sensu lato in Ecuador provides new
insight into the origin of this important plant pathogen.
Phytopathology 94: 154-162.

Carter DA, Archer SA and Buck KW (1990) Restriction
fragment length polymorphisms of mitochondrial DNA of
Phytophthora infestans. Mycological Research 94: 1123—
1128.

Caten CE and Jinks JL (1968) Spontaneous variability of single
isolates of Phytophthora infestans. 1. Cultural variation.
Canadian Journal of Botany 46: 329-348.

Chacon G, Adler N, Gessler C, Flier WG and Forbes GA
(2002) Characterization of Phytophthora infestans on wild
and cultivated Solanaceas in Ecuador. In: Lizarraga C, (ed.)
Late Blight: Managing the Global Threat, Proceedings of
the Global Initiative on Late Blight Conference, 11-13 July
(p. 131) International Potato Center, Lima, Peru.

Correll DS (1962) The Potato and its Wild Relatives, Texas
Research Foundation, Renner, TX.

deAbad G and Henfling J (1982) Hospederos naturales de
Phytophthora infestans (Mont.) de Bary en la zona central
del Peru. Fitopatologia 17: 3.

Erselius LJ, Hohl HR, Ordofiez ME, Jarrin F, Velasco A,
Ramon MP and Forbes GA (1999) Genetic diversity among
isolates of Phytophthora infestans from various hosts in
Ecuador. In: Arthur C, Ferguson P and Smith B (eds.)
Impact on a Changing World. Program Report 1997-1998
(pp. 39-48) International Potato Center, Lima, Peru.

Erselius LJ, Vega-Sanchez ME and Forbes GA (2000) Stability
in the population of Phytophthora infestans attacking
tomato in Ecuador demonstrated by cellulose acetate

assessment of glucose-6-phosphate isomerase. Plant Disease
84: 325-327.

Erwin DC and Ribeiro OK (1996) Phytophthora Diseases
Worldwide, APS Press, St. Paul, Minnesota.

Flier WG and Turkensteen LJ (1999) Foliar aggressiveness of
Phytophthora infestans in three potato growing regions in
the Netherlands. European Journal of Plant Pathology 105:
381-388.

Forbes GA, Escobar XC, Ayala CC, Revelo J, Ordonez ME,
Fry BA, Doucett K and Fry WE (1997) Population genetic
structure of Phytophthora infestans in Ecuador. Phytopa-
thology 87: 375-380.

Goodwin SB, Cohen BA and Fry WE (1994) Panglobal
distribution of a single clonal lineage of the Irish potato
famine fungus. Proceedings of the National Academy of
Science, USA 91: 11591-11595.

Goodwin SB, Drenth A and Fry WE (1992a) Cloning and
genetic analyses of two highly polymorphic, moderately
repetitive nuclear DNAs from Phytophthora infestans.
Current Genetics 22: 107-115.

Goodwin SB, Spielman LJ, Matuszak JM, Bergeron SN and
Fry WE (1992b) Clonal diversity and genetic differentiation
of Phytophthora infestans populations in northern and
central Mexico. Phytopathology 82: 955-961.

Griffith GW and Shaw DS (1998) Polymorphisms in Phytoph-
thora infestans: Four mitochondrial haplotypes are detected
after PCR amplification of DNA from pure cultures or
from host lesions. Applied and Environmental Microbiol-
ogy 64: 4007-4014.

Hawkes JG (1990) The Potato: Evolution, Biodiversity and
Genetics Resources, Belhaven Press, London.

Knapova G, Tenzer I, Gessler C and Gisi U (2001) Charac-
terisation of Phytophthora infestans from potato and
tomato with molecular markers. In: Proceedings of the
Sth Congress of the European Foundation for Plant
Pathology (Biodiversity in Plant Pathology). Taormina,
Italy, (pp. 6-9) SIPV.

Kobayashi RS, Stommel JR and Sinden SL (1994) Evaluation
of Solanum ochranthum as a potential source of late blight
resistance. Report of the Tomato Genetics Cooperative 44:
15-16.

Lebreton L, Lucas JM and Andrivon D (1999) Aggressiveness
and competitive fitness of Phytophthora infestans isolates
collected from potato and tomato in France. Phytopathol-
ogy 89: 679-686.

Oliva RF, Erselius LJ, Adler NE and Forbes GA (2002)
Potential of sexual reproduction among host-adapted
populations of Phytophthora infestans sensu lato in Ecua-
dor. Plant Pathology 51: 710-719.

Ordoiiez ME, Hohl HR, Velasco JA, Ramon MP, Oyarzun PJ,
Smart CD, Fry WE, Forbes GA and Erselius LJ (2000) A
novel population of Phytophthora, similar to P. infestans,
attacks wild Solanum species in Ecuador. Phytopathology
90: 197-202.

Oyarun PJ, Pozo A, Ordoniez ME, Doucett K and Forbes GA
(1998) Host specificity of Phytophthora infestans on tomato
and potato in Ecuador. Phytopathology 88: 265-271.

Patifio LF, Morales JG, BuriticA PLZJ and Jaramillo S (1999)
Comportamiento ecologico y poblacional de la interaccion
Phytophtora infestans-Solanaceas. Fitopatologia Colombi-
ana 22: 59-64.



Peralta IE and Spooner DM (2001) Granule-bound starch
synthase (GBSSI) gene phylogeny of wild tomatoes
(Solanum L. section Lycopersicon [Mill.] Wettst. subsection
Lycopersicon). American Journal of Botany 88: 1888—1902.

Rick CM (1979) Biosystematic studies in Lycopersicon and
closely related species of Solanum. In: Hawkes JG, Lester
RN and Skelding AD (eds.) The Biology and Taxonomy of
the Solanaceae (pp. 667-678) Academic Press, New York,
USA.

Rick CM (1986) Germplasm resources in the wild tomato
species. Acta Horticulturae 190: 39-47.

Rick CM, De Verna JW and Chetelat RT (1990) Experimental
introgression to the cultivate tomato from related wild

245

nightshades. In: Bennett AB, O’Neill SD (eds) Horticultural
Biotechnology. Wiley-Liss, New York, USA.

Shaw DS (1991) Genetics. In: Ingram DS and Williams PH
(eds.) Phytophthora infestans, the cause of late blight of
potato (pp. 131-170) Academic Press, London.

Spielman LJ (1991) Isoenzymes and population genetics of
Phytophthora infestans. In: Shattock RC, Shaw DS, Cook
LR and Lucas JA (eds.) Phytophthora (pp. 231-241)
Cambridge University Press, Cambridge, UK.

Stommel JR (2001) Barrier for introgression of Solanum
ochranthum into tomato via somatic hybrids. Journal of
the American Society for Horticultural Science 125: 587—
592.



