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A new medium for studies of diversity among populations of A, and A, mating types of Phytophthora infestans has been
evolved. The rye A agar and V-8 juice agar media on which P. infestans grows well have been amended with rhizome powder
of Cyperus rotundus. A total of 259 isolates of A, and A, mating types representing Japan, Korea, India, Taiwan, Indonesia,
Thailand, China, Nepal,- UK. and Mexico were screened for their growth response on these two media. Most of the Al
isolates did not grow well on them except Thailand while growth of A, mating types differed as some grew on it whereas
others did not. It is quite likely that the populations of A, mating types that did not grgw well on rhizome-amended medium
are of different clonal lineage. This suggests that this medium can be used for the study of diversification among the isolatés
of the same or both the mating types as well as to deteet the newly introduced genetically different isolates of P infestans
in a locality where it was not reported earlier, .
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de Bary (1876) was the first to desctibg ip detail the biol- fungi also where it induced sexual reproduction (Singh
ogy of Phytophthora infestans (Ment.) de Bary. Since et al., 1996). Keeping thig in view that it may induce
then several workers were interested in pbserving the for- oospore formation in a mating type of P. infestans, experi-
mation of sexual stage (Jones, 1909; Jones and Giddings, ments were conducted in two laboratories in Germany and
1909; Pethybridge, 1912). Pethybridge and Murphy (1913) also in Japan where instead of inducing sexual stage, the
reported for the first time the oospores of this fungus. powder affected differentially the growth of A, and A,
Scattered reports on the formation of oospores have, since mating types of P. infestans and the results are presented
then, appeared in literature (Tucker, 1931). However, it here.
was only in 1958 that the two mating types, viz., A, and
A,, were identified among Mexican isolates (Gallegly and Materials and Methods
Galindo, 1958) demonstrating the existence of heterothal-
lism in P. infestans. The recognition of heterothallic nature Experiments done on rye A agar medium in Freising -
in this and other fungi of similar genetic constitution is Weihenstephan (Fr.), Germany. Two hundred g rye
usually based on crossing the two mating types for the was kept in 1/ distilled water and cooked for 1.5h and
formation of sexual stage. While collecting Sclerotium then filtered. Ten g agar and 5.9 g glucose were added to
rolfsii from different plants in the field, it was observed the filtrate and supplemented with 1, 2, 3 and 5% RP sep-
that the fungus is growing on the rhizomes of Cyperus arately and then autoclaved for 20 minutes at 121°C. The
rotundus. The rhizomes were brought to the laboratory A, and A, mating types were inoculated in the same
and S. rolfsii was cultured on potato dextrose agar (peeled plates at equidistance and also separately and incubated at
potato 200 g, dextrose 20 g, agar 15 g, 1/ distilled water) 16+1°C for growth. Both the mating types were also inoc-
medium supplemented with rhizome powder (RP) of C. ulated on rye A agar medium without RP which served as
rotundus. Interestingly, it was observed that the fungus control. The experiments were done in triplicate.
formed athelial (sexual) stage in profusion which is rarely
observed in culture. The powder was tried on some other Experiments done on V-8 juice agar medium in
Braunschweig (Br.), Germany. A, and A, mating types
*Corresponding author <E-mail: ups@banaras.ernet.in> were grown on V-8 juice agar medium supplemented with
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Table 1. Origin and number of A, and A, isolates of Phyto-
phthora infestans

Number of isolates

Counery A, A, Total
Japan 5 11 16
Korea 0 13 13
India 9 0 9
Taiwan - 26 0 26
Indonesia 0 4 4
Thailand 21 25 46
China 92 1 93
Nepal 47 3 50
UK. 0 1 1
Mexico 0 1 1
Total 200 59 259

1, 2, 3 and 5% RP before autoclaving. Control experi-
ments were run on the same medium without RP. All the
experiments were done in triplicate.

Experiments done on rye A agar medium in Sapporo,
Japan, A tetal of 259 isolates of A, and A, mating
types collected from Japan, Korea, India, Taiwan; Indone-
sia, Thailand, China, Nepal, UK. and Mexico were used
in the experiment (Table 1). The rye A agar medium was
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Fig. 1. Mycelial growth of A, mating type (Fr) of Phyfoph-
thora infestans on V-8 juice agar medium supple-
mented with 1 and 2% Cyperus rotundus thizome
powder.

supplemented with 1, 2 and 3% RP separately. Such RP
amended medium was again supplemented with metal-
axyl (0.05 and 0.1 ppm separately) before autoclaving.
Both the isolates were inoculated individually on such
plates. Control plates received only rye A agar medium
without RP. All the plates were incubated at 18°C and the

Figs. 2-5. Mycelial growth of A, and A, mating types (Fr.) of Phytophthora infestans on V-8 juice agar alone and also on Cyperus
rotundus thizome powder supplemented V-8 juice agar medium. Figs. 2 and 3. A, and A, mating types respectively on
V-8 juice agar only (almost natural size). Fig. 4. No growth of A, (arrow a) and slow growth of A, (arrow b) mating
types on V-8 juice agar supplemented with 1% powder of C. rotundus thizomes (observed after 10 days). Fig. 5.
Mycelial growth of A2 mating type on V-8 juice agar supplemented with 2% powder of C. rofundus thizomes (observed

after 20 days) (4 and 5 1/2 natural size).
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growth diameter was measured after every second day,
upto 14 days after inoculation. All the experiments were
done in triplicate.

Results

Results of Freising - Weihenstephan (Fr.) and Braun-
schweig (Br.) Experiments. The growth pattern of both
the Fr. mating types indicates that A, isolates grew on V-8
juice agar medium supplemented with RP, although
slowly (Figs. 1, 4) as compared to control (Figs. 2, 3).
However, there was no growth of Al isolates on any con-
centrations of the RP (Fig. 4 arrow a) but the growth was
also observed at higher concentration (2, 3 and 5%) after
prolonged incubation, for instance, after 20 days some
growth was observed on 2% (Fig. 5) and after 25 to 30
days on 3 and 5%. In one plate there was segregation in
the fungal growth into more compact (Fig. 6a) and thin
colony types (Fig. 6b) whose microscopic observations
revealed that the mycelia of compact growth was sporulat-
ing forming sporangia while the thin mycelial growth was
nonsporulating. Figure 6¢ shows no growth of Al mating
type even after prolonged incubation.

The growth behaviour of 10 different isolates of A, and
A, mating types (Br.) shows that maximum growth was
discerned in Scotaland isolate while other isolates &xhib-
ited variable response in growth intensity. There was no
growth of A isolates on this medium (Table 2).

Results of Sapporo experiments. The growth of A,
isolates of Japan, India, Taiwan, Thailand, China and
Nepal on rye A agar medium indicates that Chinese iso-
lates showed maximum growth (70 mm dia) as compared
to other isolates whereas Taiwanese were slowest (65 mm
dia) in two weeks of incubation (Fig. 7). The growth was

Fig. 6. Mycelial growth and segregation into compact (a) and
thin mycelial types (b) of A, mating types and no
growth of A, mating type (c) of Phytophthora infes-
tfans on V-8 juice agar supplemented with 5% powder
of C. rotundus rhizomes (observed after 30 days) (1/2
natural size).

Table 2. Growth of A, and A, mating types of Phytophthora
infestans on rye A agar and V-8 juice agar media
supplemented with 1%, 2%, 3% and 5% powder of
Cyperus rotundus rthizomes

Mating  Isolate Growth on rye A agar

types  number (% 1% 2% 3% 5%
A, 1-4a +++t++ - - - -
A, 1-11a Attt - - - .
A, 1-4b -+ - - - -
A, 1-11b Attt - - - -
A, 1-4c bt - - - -
A, Scotland 4444+ -+ AEE
A, 13/94 B A b + +
A, 46/94 i+ ++ ++

Growth on V-8 juice agar

A, Freising  +++++ - - - -
A, Freising  +++++  ++ + 4+ e

+:= Very poor growth, ++ = Poor growth, +++=Good growth, ++++=
Very good growth, +++++=Excellent growth, -=No growth, *=
Grows after about 20 days of incubation, **=Grows after 25~30
days after incubation.
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Fig. 7. Growth of A, and A, isolates of Phytophthora infes-
tans from Japan, India, Taiwan, Thailand, China and
Nepal on rye A agar medium.

inhibited on 1% RP supplemented medium as compared
to control. Thailand A, isolates showed maximum growth
reaching about 55 mm dia in two weeks while Nepalese
isolates attained about 20 mm in the same incubation
period. The growth of other isolates was between the
above two maximum and minimum growth parameters
(Fig. 8). The growth of all A, isolates was further inhib-
ited on 2% RP supplemented medium. The initiation of
growth also started after 3~4 days of incubation. Chinese
and Nepalese isolates showed minimum growth while oth-
ers being very slow reached a maximum of 20 mm dia
(Fig. 9). Interestingly, on 3% the growth commenced after
5~6 days in some while in others there was no growth at
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Fig. 8. Growth of A, and A, isolates of Phyrophthora infestans
from Japan, India, Taiwan, Thailand, China and Nepal
on rye A agar medium supplemented with 1% Cyperus
rotundus thizome powder.
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Fig. 9. Growth of A and A, isolates of Phytophthora infestans
from Japan, India, Taiwan, Thailand, China and Nepal
on rye A agar medium supplemented with 2% Cyperus
rotundus thizome powder.

all even after 14 days of incubation (Fig. 10).

Growth of all A, isolates of Japan, Korea, Indonesia,
Thailand, China, Nepal, U.K. and Mexico on rye A agar
medium (control) commenced soon after inoculation and
reached 70~75 mm dia in 14 days. Most of the isolates
showed almost similar growth pattern on this medium
(Fig. 7). On 1% rye A agar medium some isolates, for
instance, Japanese, Korean, Indonesian and UK., grew
faster than the isolates of Thailand, China, Nepal and
Mexico. The slowest growth was of Nepalese isolates
(Fig. 8). While some of the isolates as mentioned in Fig.
12 showed similar growth but in descending order on 2%
RP (Fig. 9), there was no growth of Thailand, Chinese,
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Fig. 10. Growth of A, and A, isolates of Phytophthora infes-
tans from Japan, India, Taiwan, Thailand, China and
Nepal on rye A agar medium supplemented with 3%
Cyperus rotundus rhizome powder.

Nepalese and Mexican isolates on 3% RP. The other iso-
lates grew slowly during 2 weeks incubation period (Fig.
10). A comparison of all the isolates of A, mating type on
rye A agar medium with and without RP indicates that the
growth was considerably inhibited on supplemented med-
ium. Similarly, growth of A, was also suppressed as com-
pared to control but relatively less as compared to A, iso-
lates. When both the isolates were compared together on
both types of media (control and supplemented ones), it is
evident that A, isolates grew at par on 1% compared to A,
on 2% (Fig. 11).

In another experiment both the mating types were
grown on two different doses of metalaxyl at 0.05 and
0.1 ppm. There was no growth of A, on 3% rhizome +
0.05 ppm metalaxyl on rye A agar medium (Fig. 12). The
growth pattern was almost same even on 0.1 ppm metal-
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Fig. 11. Growth of all A, and A, mating types of Phyfoph-
thora infestans on rye A agar medium and on rye A
agar medium supplemented with 1, 2 and 3% C.
rotundus rhizome powder.
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Fig. 12. Growth of all A, and A, mating types of Phytoph-
thora infestans on rye A agar medium without and
with 1, 2 and 3% Cyperus rotundus thizome powder
and 0.05 ppm metalaxyl.

80

Metalaxyl 0.1 ppm

Mating types/Rhizome powder concentration
70+ _m- AlCont.

—@— AUL%

60 - —h— AL2%

—— Al3%

—{F- A2/Cont.

—O--A21%

Colony diameter (mm)
=
i

4 6 8 10 12 14
Incubation period (day)

Fig. 13. Growth of all A, and A, mating types of Phytoph-
thora infestans on rye A agar medium without and
with 1, 2 and 3% Cyperus rotundus rhizome powder
and 0.1 ppm metalaxyl.
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Fig. 14. Growth of all A, and A, mating types of Thailand
isolates of Phytophthora infestans on rye A agar
medium without and with 1, 2 and 3% Cyperus
rotundus rthizome powder.

axyl-supplemented rye A agar medium (Fig. 13). Interest-
ingly, growth of the Thailand A2 isolates (25) reduced
significantly on rye A agar medium supplemented with

rhizome powder (1, 2 and 3%) in comparison to Al iso-
lates (Fig. 14).

Discussion

The usual procedure for characterizfng A, and A, mating
types of a fungus, in general and also of P. infestans in
particular, is based on crossing the isolates with a known
mating type. Enough literature is available on the pres-
ence of only one mating type of P. infestans in some parts
of the world (Fyfe and Shaw, 1992) and its characteriza-
tion needs import of a know mating type which does not
eliminate the possibility of spread of that mating type in a
locality where it did not exist earlier. Similarly, the stud-
ies related to diversity of the existing population depends
on DNA finger printing, allozyme studies for different loci
and sensitivity to metalaxyl. Depending on these tech-
niques genetically diversified populations of A, and A,
mating types of P, infestans have now been reported from
many countries where they were not discovered prior to
1980 (Deahl et al., 1991; Koh et al., 1994; Malcomson,
1985; Mosa et al., 1989; Nishimura et al., 1999; Shaw et
al., 1995; Tartius et al., 1986). In most of the cases the
diversification is due to migration and sexual recombina-
tion of both A, and A, mating types as well as mutation
de novo. The populations that show similar genotypes and
allozyme pattern with the old Mexican population of P.
infestans are grouped in “old” clonal lineage or US-1
clonal lineage whereas those that differ genotypically or in
allozyme pattern with the old Mexican populations belong
to the “new” clonal lineage which might have evolved due
to genetic recombination, mutation de novo or through
migration.

In the present study the inhibition of growth of all A
and A, isolates from China, Nepal, Thailand and Mexico
on Rye-A agar medium supplemented with RP indicates
that these isolates probably are of the same clonal lineage
and clones of the Mixican isolates as they show similar
trend as that of the Mexican isolates on the same medium.
However, the growth of A, isolates from Japan, Korea,
Indonesia and UK. on the same medium indicates that
they are of different colonal lineage showing diversity
among A, mating types of these countries. The good
growth of Thailand A, isolates on the RP supplemented
rye A agar medium and less growth of A, isolates on the
same medium is due to the different clonal lineage of the
A, isolates from Thailand which was confirmed earlier by
Ogoshi’s group in Japan (personal communication). The
reason of this variability may also be due to de novo evo-
lution of the Thailand isolates. The genetic and allozyme
variability in the isolates from some Asian countries are
already reported (Koh ef al, 1994; Nishimura et al.,
1999). Thus, such diversifications are presumed to be the
result of migration of new genotypes of P infestans
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through various paths. The second genotype detected by
Nishimura et al. (1999) in the A, mating type of P
infestans isolates of some Asian countries has also been
reported from the United States for the first time outside
central Mexico. Similarly, some A, isolates belonging to
the new population have also been detected in the United
States, Canada, the Netherlands, Poland, Germany, Israel
and Japan (Nishimura et al., 1999), Therefore, the most
accurate pathway of migrations of these isolates or diver-
sification due to de novo evolution is difficult to describe.

The segregation of A, mating type into sporulating and
nonsporulating colonies on prolonged incubation on rye A
agar medium supplemented with RP further indicates that
the phenomenon of segregation is either time-dependent
action of the chemical present in the RP which may be
slow acting on the genomic/cytoplasmic materials of the
fungal thallus or the expression of segregation is an aging
process. It may also be possible that the diploid thallus
which ought to be segregated through gametangial copula-
tion is hastened much carlier with the help of RP during
mitosis of nuclei. Interestingly, this phenomenon may
account for the evolution of new genotypes in P. infestans.

It is know that A, type is more sensitive to metalaxyl
than A, (Goodwin er al., 1996; Matuszak et al., 1994;
Sujkowski et al., 1995; Therrien et al., 1993). Inhibition
of growth of A, mating type was observed on rye A agar
medium supplemented with either 0.05 ppm or 0.1 ppm
metalaxyl or on RP plus metalaxyl supplemented med-
um. This sensitivity indicates that RP may be acting in a
similar way as metalaxyl and thr RP supplemented med-
tom can be used for study of the growth of mating types
of P infestans which may serve as a selective medium for
identifying A, and A, mating types of P, infestans of some
countries. Further study is needed in order to identify the
active component of RP which may make the process of
differentiating mating types of P infestans easier in new
localities where it was not reported earlier.
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