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Detection and Differentiation of Phaeoisariopsis griseola Isolates
with the Polymerase Chain Reaction and Group-Specific Primers

P. Guzmán, Department of Plant Pathology, P. Gepts and S. Temple, Department of Agronomy and Range
Science, University of California, Davis; A. B. C. Mkandawire,  Bunda College of Agriculture, Lilongwe, Malawi;
and R. L. Gilbertson, Department of Plant Pathology, University of California, Davis 95616

Angular leaf spot (ALS) disease of
common bean (Phaseolus vulgaris L.) is
caused by the imperfect fungus Phaeoisa-
riopsis griseola (Sacc.) Ferraris. ALS is an
important disease in tropical and subtropi-
cal countries and can cause severe bean
yield losses (approximately 40 to 80%)
under favorable environmental conditions
(5,7,19,20).

Breeding for disease resistance is the
most practical approach for ALS disease
management (16,22), but the development
of resistant varieties has been complicated
by genetic variability of P. griseola. P.
griseola genetic diversity has been exam-
ined using differential bean cultivars (1),
isozyme analysis (6), and more recently,
random amplified polymorphic DNA
(RAPD) markers (11,17). A significant
finding revealed by these studies has been
the identification of two major groups of P.
griseola isolates, Andean and Mesoameri-
can, which appear to have coevolved with
the Andean and Mesoamerican common
bean gene pools, respectively (11). A prac-
tical consequence of this host–pathogen
coevolution is that beans of a given gene
pool were more resistant to P. griseola
isolates that were isolated from beans of
the other gene pool; i.e., Mesoamerican
beans were more resistant to Andean P.

griseola isolates and vice versa. This has
led to the suggestion of incorporating this
resistance into susceptible bean genotypes
cultivated in regions with coevolved (highly
pathogenic) P. griseola isolates. Such a
strategy requires a thorough understanding
of the population structure of P. griseola in a
given region. However, Andean and
Mesoamerican P. griseola isolates cannot be
differentiated based on symptoms or mor-
phology. A technique that could be used to
rapidly characterize the P. griseola popula-
tion in a particular area would provide im-
portant information for ALS management
and for breeding for ALS disease resistance.

The polymerase chain reaction (PCR)
and RAPD analysis (23,25) are molecular
techniques that are becoming widely used
for the rapid detection and characterization
of many plant pathogens (2,4,8,11–15,18).
This method has been used to differentiate
morphologically similar isolates of
Fusarium solani f. sp. cucurbitae races 1
and 2 (8), and to differentiate Gaeuman-
nomyces graminis var. avenae from other
ectotrophic root-infecting fungi associated
with turfgrass diseases (24). In this study,
P. griseola group-specific primers were
developed and used in the PCR to detect
and differentiate P. griseola isolates from
different bean growing regions. A simple
and rapid method of DNA extraction,
based upon sonication of fungal tissues,
was developed to facilitate PCR detection
of P. griseola.

MATERIAL AND METHODS
Fungal isolates and production of my-

celium. P. griseola isolates were obtained

from individual plants with ALS
symptoms collected from bean growing
regions of Argentina, Brazil, Costa Rica,
Malawi, and the United States. Some of
these isolates have been previously de-
scribed (11). Monosporic cultures were
prepared for each isolate by transferring
individual conidia from sporulating lesions
onto V8 juice agar media and incubating
plates at 25°C.

To produce mycelium for total fungal
genomic DNA extraction, Erlenmeyer
flasks containing 100 ml of liquid V8 me-
dia were inoculated with three agar plugs
from 10-day-old cultures. These liquid
cultures were placed on a shaker (150
rpm), incubated for 10 to 12 days at 25°C,
and mycelium was harvested and lyophi-
lized as previously described (11).

Inoculation of bean plants with P.
griseola. Two P. griseola isolates from
Malawi (PgMal 4, Mesoamerican P. grise-
ola group; and PgMal 38, Andean P. grise-
ola group) were inoculated separately or
together as mixed inoculum onto various
bean genotypes representing the two com-
mon bean gene pools (21) (cv. Topcrop and
Malawian line 12-4, Andean gene pool; cv.
Sutter Pink and Malawian line Namajengo,
Mesoamerican gene pool) in a greenhouse.
Inoculum production and the inoculation
procedure were previously described (11).
When the isolates were used separately, the
inoculum concentration was 2.4 × 104

conidia per ml. The concentration of each
isolate was 1.2 × 104 conidia per ml in the
mixed inoculum. The plants were allowed
to develop ALS symptoms, and then P.
griseola from individual lesions was typed
with PCR and the group-specific primer
pairs. Template DNA was prepared by the
sonication method (described below) from
(i) mycelia from fungal colonies obtained
by culturing synnemata with conidia from
individual lesions on V8 media or (ii) syn-
nemata and conidia collected from these
same sporulating lesions (described be-
low).

DNA isolation. Total fungal genomic
DNA was extracted from lyophilized my-
celia as previously described (11). A small-
scale total genomic DNA extraction
method was used for individual ALS le-
sions excised from infected leaves. A sin-
gle lesion (approximately 0.5 to 1 mg) was
ground in liquid nitrogen in a 1.5-ml Ep-
pendorf microfuge tube with a pestle
(Kontes, Fisher Scientific, Pittsburgh, PA).
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Five hundred microliters of extraction
buffer (0.5 M NaCl, 10 mM Tris-HCl, pH
7.5, 10 mM EDTA, 1% sodium dodecyl
sulfate [SDS]) was added, the tissue was
ground again, and then 500 µl of phe-
nol:chloroform (1:1) was added. The tubes
were vortexed for 1 min and centrifuged at
14,000 rpm (16,000 × g) for 5 min. The
aqueous phase was collected and added to
500 µl of chloroform in a new Eppendorf
tube. The tubes were vortexed for 1 min

and centrifuged at 14,000 rpm (16,000 × g)
for 5 min. The aqueous phase was col-
lected, and total nucleic acids were pre-
cipitated by the addition of 0.1 volume of 3
M sodium acetate (pH 5.5) and two vol-
umes of 100% ethanol. Total nucleic acids
were recovered by centrifugation at 14,000
rpm (16,000 × g) for 5 min. The pellet was
washed with 70% ethanol and resuspended
in 30 µl of Tris-EDTA (TE) buffer (10 mM
Tris-HCl, pH 7.5, 1 mM EDTA).

A sonication procedure was used to ex-
tract total genomic DNA from two types of
P. griseola tissue: (i) mycelia (0.1 to 0.5
mg) collected with a dissecting needle
(carefully avoiding any agar) from 10-day-
old colonies growing on V8 juice agar
plates, and (ii) synnemata and conidia col-
lected with a dissecting needle from indi-
vidual sporulating lesions. In all cases,
synnemata and conidia were collected from
the lower surface of characteristic angular
lesions on trifoliolate leaves and, in some
cases, sporulation was induced by incu-
bating leaves in small moist chambers
(leaves were placed on small glass rods on
the surface of moistened filter paper con-
tained in a closed petri plate) for 24 to 48 h
at room temperature.

Fungal tissues were placed in an Eppen-
dorf tube containing 50 µl of 10× PCR
buffer (100 mM Tris-HCl, pH 9.0, 500
mM KCl, 0.1% Triton) and 50 µl of sterile
distilled water. This suspension was
sonicated with a Vibra Cell Model VC50
sonicator (Sonic & Materials Inc.,
Danbury, CT) for a pulse of 2 s delivering
39 W at the probe tip. Tubes were
centrifuged for 5 s, and 10 µl of this extract
was used in the PCR.

RAPD analysis. For RAPD analysis,
the OA11 ten-mer primer from Operon
Technologies (Alameda, CA) Kit A was
used as previously described (11). This
primer was selected because it consistently
directed the amplification of distinct poly-
morphic DNA fragments from P. griseola
in a previous study (11). Fifteen µl of the
RAPD reaction was analyzed by agarose
gel electrophoresis in 1.0% agarose gels in
0.5× Tris-borate EDTA (TBE) buffer. Gels
were stained with ethidium bromide, and
DNA was visualized with a gel imaging
system (Alpha Innotech Corporation, San
Leandro, CA).

Cloning and Southern blot hybridiza-
tion analysis. RAPD fragments were ex-
cised from agarose gels, and the DNA was
recovered using silica matrix (Geneclean,
BIO 101, Vista, CA). RAPD fragments
were cloned with the TA cloning system
(Invitrogen, San Diego, CA) according to
manufacturer’s instructions. Southern blot
hybridization analysis was performed as
previously described (10). Blots were hy-
bridized with recombinant plasmid probes
labeled with [α-32P] dCTP by nick transla-
tion according to manufacturer’s instruc-
tions (Gibco BRL, Gaithersburg, MD).
Hybridizations were performed overnight
at 37°C in a hybridization oven (model
HB-1D, Techne Incorporated, Princeton,
NJ). Membranes were washed three times
at 42°C and exposed to X-ray film (Fuji,
Japan) for 36 h at room temperature.

DNA sequence analysis. DNA se-
quences were determined using the dide-
oxynucleotide chain-termination method
with Sequenase (USB, Cleveland, OH)
according to manufacturer’s instructions.
Sequences were assembled and compared

Fig. 1. Random amplified polymorphic DNA (RAPD) patterns obtained with primer OA11 from
Operon Kit A for 10 isolates of Phaeoisariopsis griseola from five countries. Lanes 2 through 7 and
10 are Mesoamerican isolates (PgAr 1 and PgAr 3 from Argentina, PgCr 1 and PgCr 2 from Costa
Rica, PgBr 1 from Brazil, and PgMal 4 and PgMal 46 from Malawi, respectively), and lanes 8, 9, and
11 are Andean isolates (PgMal 30 and PgMal 38 from Malawi and PgWi 1 from the United States,
respectively). Lanes 1 and 12 are the 1-kb ladder, and numbers on the left side indicate the fragment
sizes of the 1-kb ladder. The arrows on the right side indicate the 690-bp Mesoamerican group-spe-
cific RAPD fragment and the 390-bp Andean group-specific RAPD fragment.

Fig. 2. Southern blot hybridization analysis of DNA fragments amplified by polymerase chain reac-
tion (PCR) with the Mesoamerican group-specific primer pair from total genomic DNA of Phaeoisa-
riopsis griseola isolates from five countries. A 32P-labeled recombinant plasmid containing the
Mesoamerican group-specific random amplified polymorphic DNA (RAPD) fragment (pM3) was
used as a probe. Lanes 2 through 7 and 10 are Mesoamerican isolates (PgAr 1 and PgAr 3 from Ar-
gentina, PgCr 1 and PgCr 2 from Costa Rica, PgBr 1 from Brazil, and PgMal 4 and PgMal 46 from
Malawi, respectively), and lanes 8, 9, and 11 are Andean isolates (PgMal 30 and PgMal 38 from
Malawi and PgWi 1 from the United States, respectively). Lane 12 is blank, lane 13 is a positive
control (Mesoamerican RAPD fragment amplified from pM3), and lane 14 is a negative control
(water). Lanes 1 and 16 are the 1-kb ladder, and numbers on the left side indicate the fragment sizes
of the 1-kb ladder. The arrow on the right side indicates the 690-bp Mesoamerican group-specific
RAPD fragment.
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using the software of the Genetics Com-
puter Group of the University of Wisconsin
(9).

PCR analysis. For PCR, final concen-
trations of the reagents utilized are indi-
cated. Fifty microliter reactions were pre-
pared by mixing 5 µl of 10× buffer (10 mM
Tris-HCl, pH 9.0, 50 mM KCl, 0.01%
Triton), 5 µl of MgCl2 (2.5 mM), 5 µl of
mixed dNTPs (0.2 mM each), 0.3 µl of Taq
polymerase (1.5 U) (Perkin Elmer, Emery-
ville, CA), 0.5 µl of each primer (0.25
mM), and 2.5 or 5.0 µl of the total fungal
genomic DNA preparation (25 to 50 ng).
For DNA extracts prepared from plant
tissue or extracts prepared from fungal
tissue by the sonication method, 50-µl
reactions were prepared by mixing 3 µl of
MgCl2 (1.5 mM), 3 µl of mixed dNTPs
(0.12 mM each), 0.3 µl of Taq polymerase
(1.5 U), 0.4 µl of each primer (0.4 mM),
and 10 µl of the undiluted or diluted (1:10)
DNA extract. Initial PCR parameters were
94°C for 1 min (denature), 54°C for 90 s
(annealing), and 72°C for 2 min
(extension). However, to determine opti-
mal PCR conditions for the group-specific
primers and different P. griseola DNA
extracts, a variety of parameters was
tested.

RESULTS
RAPD analysis. RAPD analyses with

primer OA11 were carried out with total
genomic DNA from P. griseola isolates
from Argentina (PgAr 1 and PgAr 3),
Costa Rica (PgCr 1 and PgCr 2), Malawi
(PgMal 4, PgMal 30, PgMal 38, and
PgMal 46), the United States (PgWi 1),
and Brazil (PgBr 1). The Andean P. grise-
ola RAPD pattern was generated for the
previously characterized Andean isolates
PgMal 30, PgMal 38, and PgWi 1; whereas
the Mesoamerican pattern was generated
for the previously characterized Meso-
american isolates PgMal 4, PgMal 46, and
PgBr 1 (Fig. 1). Mesoamerican RAPD
patterns were generated for the previously
uncharacterized isolates from Costa Rica
and Argentina, although the patterns gener-
ated for these isolates were not identical to
those generated for Mesoamerican isolates
from Malawi and Brazil. For example,
each isolate from Argentina had a small
(350 to 450 bp), less intensely stained
RAPD fragment, whereas isolates from
Costa Rica, Malawi, and Brazil did not.

Comparison of the Andean and
Mesoamerican P. griseola RAPD patterns
generated with primer OA11 revealed an
approximately 400-bp RAPD fragment that
was amplified from Andean but not from
Mesoamerican isolates (Fig. 1). Here it is
important to note that the small RAPD
fragments amplified from the Mesoameri-
can isolates from Argentina were different
in size compared with the intensely stained
approximately 400-bp fragment character-
istic of Andean P. griseola isolates (Fig. 1),
suggesting that these are distinct RAPD

fragments. Similarly, an approximately
700-bp RAPD fragment was identified that
was amplified from Mesoamerican but not
Andean isolates. Moreover, these putative
group-specific RAPD fragments were de-
tected in RAPD patterns generated with
primer OA11 from all Andean and
Mesoamerican isolates examined in this
study and that of Guzmán et al. (11).

Cloning and Southern blot hybridiza-
tion analysis of group-specific frag-
ments. These putative Andean and Meso-
american group-specific RAPD fragments
were cloned from P. griseola isolates
PgMal 38 and PgMal 4, respectively. Re-
combinant plasmids having the expected
size insert were identified by digestion

with the restriction enzyme EcoRI. Plas-
mids pA4 and pM3, which contain the
approximately 400-bp Andean or 700-bp
Mesoamerican RAPD fragment, respec-
tively, were selected for further characteri-
zation. Southern blot hybridization analysis
experiments in which pA4 was used as a
probe and hybridized with the cloned
Mesoamerican RAPD fragment from pM3
or vice versa revealed no hybridization
between these fragments under conditions
of low stringency. Southern blot hybridi-
zation experiments with pA4 as the probe
revealed that the approximately 400-bp
RAPD fragment was amplified from total
genomic DNA of all Andean isolates ex-
amined (data not shown). Furthermore, the

Fig. 3. Polymerase chain reaction (PCR) amplification of group-specific random amplified polymor-
phic DNA (RAPD) fragments from Phaeoisariopsis griseola with (A) the Andean group-specific
primer pair or (B) the Mesoamerican group-specific primer pair. Lanes 2 through 10 are Meso-
american isolates (PgMal 7 from Malawi and PgBr 4, PgBr 5, PgBr 6, PgBr7, PgBr 10, PgBr 11,
PgBr 12, PgBr 13, and PgBr 14 from Brazil, respectively), and lanes 11 through 19 are Andean
isolates (PgMal 1, PgMal 2, PgMal 3, PgMal 23, PgMal 24, PgMal 28, and PgMal 50 from Malawi
and PgWi 2 and PgWi 3 from the United States, respectively). Lanes 1 and 20 are the 1-kb ladder,
and numbers on the left side indicate the fragment sizes of the 1-kb ladder. The arrow on the right
side of (A) indicates the 390-bp Andean group-specific RAPD fragment, and the arrow on the right
side of (B) indicates the 690-bp Mesoamerican group-specific RAPD fragment.
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small RAPD fragments amplified from the
Mesoamerican isolates from Argentina
(Fig. 1) did not hybridize with the pA4
probe (data not shown), further demon-
strating that these small fragments were
distinct from the cloned 400-bp Andean
RAPD fragment (data not shown). Similar
experiments with pM3 as a probe revealed
that two approximately 700-bp RAPD
fragments were amplified from all
Mesoamerican isolates examined (Fig. 2).
Together, these results indicate that the
cloned RAPD fragments in pA4 and pM3
do not share significant sequence similar-
ity, and that they can be amplified from
Andean and Mesoamerican P. griseola
isolates from diverse geographical regions.

Sequence analysis and designing of
group-specific primers. The complete
nucleotide sequences of the cloned Andean
and Mesoamerican RAPD fragments were
determined from the recombinant plasmids
pA4 and pM3, respectively. The Andean
RAPD fragment was 390 bp; whereas the
Mesoamerican RAPD fragment was 690
bp. The sequences were 35% identical,
which is consistent with the Southern blot
hybridization results indicating no signifi-
cant sequence similarity between these
fragments. A blast search conducted with
these RAPD sequences with the GenBank,
EMBL, DDBJ, and PDB databases re-
vealed no significant sequence similarity
with other sequences.

P. griseola group-specific primer pairs
were designed based on the nucleotide
sequences of these cloned RAPD DNA
fragments and primer OA11. The Andean
group-specific primers were 20 bp
(Pa3093, 5′-CAATCGCCGTACATGAC-
TAA-3′; sequence in italics is from primer
OA11) and 21 bp (Pa3185, 5′-
CCGTTACCTCTATATTCCCAA-3′; se-
quence in italics is from primer OA11);
whereas the Mesoamerican group-specific
primers were both 20 bp (Pm2981,

5′-CAATCGCCGTTTACGAAGAT-3′ and
Pm2982, 5′-CAATCGCCGTCGATCGA-
TGA-3′; sequences in italics are from
primer OA11).

PCR with the group-specific primer
pairs. The Andean primer pair directed the
amplification of an approximately 400-bp
DNA fragment from total genomic DNA of
the Andean isolate, PgMal 38, and no
fragment from total genomic DNA of the
Mesoamerican isolate, PgMal 4. The
Mesoamerican primer pair directed the
amplification of two approximately 700-bp
fragments from total genomic DNA of the
Mesoamerican isolate, PgMal 4, but no
DNA fragment from total genomic DNA of
the Andean isolate, PgMal 38. Neither
primer pair directed the amplification of
DNA fragments from common bean total
genomic DNA. The optimal PCR parame-
ters determined for the Andean primer pair
were: 94°C for 1 min (denature), 63°C for
1 min (annealing), and 72°C for 1 min
(extension) for 40 cycles; whereas those
for the Mesoamerican primer pair were:
94°C for 1 min, 62°C for 1 min, and 72°C
for 1 min for 30 cycles. Because of the
different parameters established for these
primer pairs, they could not be used
together in a single reaction. However, the
group-specific primer pairs did direct the
amplification of their respective target
DNA fragments from a mixture of total
genomic DNA of Andean and Meso-
american P. griseola isolates (data not
shown).

Whether the group-specific primer pairs
would direct the amplification of the target
DNA fragments from total genomic DNA
of other P. griseola isolates was evaluated
next. The Andean primer pair directed the
amplification of the approximately 400-bp
DNA fragment from all 12 Andean isolates
examined and no distinct fragment from
the 16 Mesoamerican isolates examined
(Fig. 3A). The Mesoamerican primer pair

directed the amplification of the two ap-
proximately 700-bp fragments from all 16
Mesoamerican isolates examined, includ-
ing the isolates from Costa Rica and Ar-
gentina, and no fragment from the 12 An-
dean isolates examined (Fig. 3B). Southern
blot hybridization analyses using pA4 or
pM3 as probes confirmed that the ap-
proximately 400-bp and 700-bp fragments
amplified from the Andean and Meso-
american isolates, respectively, were
homologous to the appropriate cloned
RAPD fragments (data not shown). These
results indicate that the Andean and
Mesoamerican group-specific primer pairs
can direct the amplification of this target
DNA fragment from P. griseola isolates
from diverse geographic regions, and fur-
ther demonstrate that the Costa Rican and
Argentinean isolates are Mesoamerican
isolates.

PCR and the group-specific primer pairs
were then evaluated for the detection P.
griseola from infected leaf tissue. All at-
tempts to amplify P. griseola DNA frag-
ments from total genomic DNA extracted
from individual lesions were unsuccessful.
This was due to PCR inhibitors in these
extracts, because the group-specific primer
pairs did not direct the amplification of the
appropriate RAPD fragment from pA4 or
pM3 DNA added to the extracts. The
group-specific primer pairs did direct the
amplification of the appropriate RAPD
fragment from pA4 or pM3 DNA added
into total genomic DNA extracts prepared
from uninfected tissue.

DNA was then extracted from fungal tis-
sues of P. griseola with a sonication proce-
dure. Two types of fungal tissue were
tested: (i) mycelia obtained from fungal
colonies growing on agar media, and (ii)
synnemata and conidia collected directly
from individual sporulating lesions on
infected leaves. With extracts prepared
from either mycelium or synnemata and
conidia of the Andean isolate PgMal 38,
the Andean primer pair directed the ampli-
fication of the approximately 400-bp DNA
fragment (Fig. 4). Similarly, with extracts
prepared from either mycelium or synne-
mata and conidia of the Mesoamerican
isolate PgMal 4, the Mesoamerican primer
pair directed the amplification of the two
approximately 700-bp DNA fragments
(data not shown).

To determine if PCR with the group-
specific primer pairs could be used to type
P. griseola populations from diseased bean
leaves, and to investigate whether selection
pressure is exerted on P. griseola by the
common bean gene pool, experiments were
conducted in which bean plants represent-
ing the two gene pools were individually
inoculated with an Andean or Mesoameri-
can P. griseola isolate, or with a mixture of
both isolates. When Andean or Mesoamer-
ican bean genotypes were inoculated with
the Andean isolate only, Andean group P.
griseola was detected by PCR with the

Fig. 4. Polymerase chain reaction (PCR) amplification of the Phaeoisariopsis griseola Andean ran-
dom amplified polymorphic DNA (RAPD) fragment with the Andean group-specific primer pair.
Synnemata and conidia were collected from 12 individual lesions from bean leaves inoculated with
the Andean isolate, PgMal 38, and DNA was extracted by sonication. Lanes 2 through 13 represent
the 12 individual lesions. Lane 14 is a blank, lane 15 is a positive control (Andean RAPD fragment
amplified from pA4), and lane 16 is a negative control (water). Lanes 1 and 18 are the 1-kb ladder,
and numbers on the left side indicate the fragment sizes of the 1-kb ladder. The arrow on the right
side indicates the 390-bp Andean group-specific RAPD fragment.
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Andean primer pair from 11 of 12 lesions
sampled (i.e., the approximately 400-bp
fragment was amplified); whereas P. grise-
ola was not detected from these lesions
with the Mesoamerican primer pair (i.e.,
no DNA fragment was amplified) (Table
1). Similarly, when Andean or Mesoameri-
can bean genotypes were inoculated with
the Mesoamerican isolate, Mesoamerican
group P. griseola was detected by PCR
with the Mesoamerican primer pair from
nearly every lesion sampled (i.e., the ap-
proximately 700-bp fragments were ampli-
fied); whereas P. griseola was not detected
from these lesions with the Andean primer
pair. Similar results were obtained with the
two Andean and Mesoamerican genotypes
and with DNA extracts from mycelium or
synnemata and conidia. These results es-
tablished that the Andean and Mesoameri-
can primer pairs could be used to specifi-
cally detect Andean and Mesoamerican P.
griseola from individual lesions, respec-
tively, and that DNA extracts from either
mycelium or synnemata and conidia could
be used as templates for the PCR.

When the two Andean bean genotypes
were inoculated with mixed inoculum of
the Andean and Mesoamerican isolates,
more lesions were found to be induced by
the Andean than the Mesoamerican isolate
on both genotypes and vice versa (Table 1).
Interestingly, both isolates were detected
from some individual lesions, suggesting
mixed infections in these lesions.

DISCUSSION
In this study, group-specific PCR prim-

ers and a rapid DNA extraction method
were developed for the detection and dif-
ferentiation of the ALS pathogen, P. grise-
ola. It was previously demonstrated that
primer OA11 generated RAPD patterns
that could differentiate the two P. griseola
groups (11). In the present study, P. grise-
ola isolates from Argentina and Costa Rica
were identified as Mesoamerican isolates
based on RAPD analysis with primer
OA11. This finding is consistent with pre-
vious results on P. griseola–common bean
coevolution in that Mesoamerican bean
genotypes tend to be more commonly
cultivated in Central America and Northern
Argentina (20).

One approach to develop group-specific
primers for P. griseola was to utilize
RAPD fragments amplified with primer
OA11. Putative group-specific RAPD
fragments were cloned, and Southern blot
hybridization and DNA sequence analysis
revealed no significant sequence similarity
between these fragments, indicating they
were amplified from different regions of
the fungal genome or from a homologous
but highly divergent region. P. griseola
group-specific primer pairs were then de-
signed with sequences from the cloned
RAPD fragments and primer OA11.
Primer OA11 sequences were included in
these primers to assure that the DNA frag-

ments amplified from Andean (390 bp) and
Mesoamerican (690 bp) P. griseola isolates
would be sufficiently different in size to
allow differentiation of the two P. griseola
groups on the basis of fragment size as
determined by agarose gel electrophoresis.
These group-specific primer pairs directed
the amplification of the target DNA frag-
ments from Andean and Mesoamerican P.
griseola isolates from bean-growing areas
in five countries, indicating that these se-
quences are conserved in the fungal
genome and that these primer pairs can be
used to type isolates from a diversity of
geographical regions. A drawback with this
method is that the optimal PCR conditions
for the primer pairs are not identical, so
two PCR reactions must be performed for
each isolate being examined.

One problem with using RAPD analysis
(e.g., with primer OA11) to type P. grise-
ola isolates is growing the fungus in cul-
ture and preparing total genomic DNA as a
template for PCR. This is time-consuming
(P. griseola is a slow-growing fungus) and
labor-intensive (involving phenol-chloro-
form extraction), which limits the number
of isolates that can be examined at a given
time. Attempts to circumvent this by using
the group-specific primer pairs and DNA
extracts prepared from infected bean leaves
were unsuccessful. This was probably due
to PCR inhibitors because extracts from

infected tissues (i) were brown in color,
suggesting the presence of phenolic com-
pounds, and (ii) the group-specific primer
pairs did not amplify the RAPD fragments
from plasmid DNAs added into these
extracts. In contrast, extracts prepared from
uninfected bean tissues showed no brown
color, and the appropriate RAPD fragments
were readily amplified from plasmid
DNAs added to these extracts. Pigmented
phenolic compounds have been reported to
inhibit PCR amplification from infected
banana tissues (14), and the inability to
detect Magnaporthe poae from infected
turfgrass roots by PCR was attributed to
inhibitors in DNA extracts (3).

The sonication procedure developed in
this study generated genomic DNA from
fungal mycelium and from synnemata and
conidia that was free of PCR inhibitors.
Sonication is a rapid and efficient method
for releasing DNA from these fungal tis-
sues and requires only approximately 1
min per sample. This significantly reduces
the time required for typing P. griseola
isolates. Moreover, because this procedure
worked with synnemata and conidia col-
lected from leaf lesions, it is not necessary
to grow the fungus in culture (a 10-day
step). The relatively few cases in which the
appropriate P. griseola DNA fragment was
not amplified from extracts prepared by
sonication were likely due to the small

Table 1. Detection and typing of Phaeoisariopsis griseola from angular leaf spot lesions by poly-
merase chain reaction (PCR)-mediated amplification of group-specific DNA fragments from extracts
prepared from mycelium or synnemata and conidia

Bean gene poola

Group
designation

of isolate Primer pair
Source of

DNA
No. of

experiments

PCRb positive
lesions/total

sampled

Andean Andean Andean Mycelia 5 28/30
Synnemata 4 20/20

Mesoamerican Mycelia 5 0/30
Synnemata 4 0/20

Mesoamerican Andean Mycelia 4 0/26
Synnemata 4 0/22

Mesoamerican Mycelia 4 22/26
Synnemata 4 18/22

Mixedc Andean Mycelia 3 14/20d

Mesoamerican Mycelia 3 10/20d

Andean Synnemata 3 14/20d

Mesoamerican Synnemata 3 10/20d

Mesoamerican Andean Andean Mycelia 3 30/30
Synnemata 3 30/30

Mesoamerican Mycelia 3 0/30
Synnemata 3 0/30

Mesoamerican Andean Mycelia 3 0/25
Synnemata 3 0/25

Mesoamerican Mycelia 3 25/25
Synnemata 3 23/25

Mixed Andean Mycelia 3 11/20d

Mesoamerican Mycelia 3 14/20d

Andean Synnemata 3 9/20d

Mesoamerican Synnemata 3 15/20d

a Bean genotypes were: Andean, cv. Topcrop and Malawian line 12-4; Mesoamerican, cv. Sutter Pink
and Malawian line Namajengo. Because similar results were obtained for the two genotypes from
each gene pool, the results for the two genotypes from each gene pool have been combined.

b Results are shown as number of positive detections (i.e., amplification of the expected DNA frag-
ment)/total lesions tested.

c Mixed inoculum of PgMal 4 (Mesoamerican P. griseola group) and PgMal 38 (Andean P. griseola
group) consisted of 1.2 × 104 conidia per ml for each isolate.

d Both Andean and Mesoamerican P. griseola were detected from some individual lesions.
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amount of fungal tissue used or the failure
to release DNA from the fungal tissue.
Similar problems have been reported for
other methods used to prepare DNA ex-
tracts from fungal tissues (12,13,15). In the
case of P. griseola, this could be solved by
increasing the number of PCR cycles, in-
creasing the amount of fungal mycelium
used, or by using synnemata and conidia
collected from more than one lesion.

Experiments with P. griseola–infected
plants demonstrated the reliability of this
PCR technique for the specific detection of
the two P. griseola groups. For example,
with the Andean primer pair, the Andean P.
griseola isolate was detected from nearly
all leaf lesions on Andean or Mesoameri-
can genotypes inoculated with this isolate;
whereas no false positives were obtained
with lesions on plants inoculated with the
Mesoamerican isolate. Similar results were
obtained with the Mesoamerican primer
pair. These results indicate that this method
can be used to rapidly type P. griseola
populations from the field.

The PCR detection and typing of P.
griseola from ALS lesions on Andean and
Mesoamerican bean plants inoculated with
mixed inoculum of Andean and Meso-
american P. griseola isolates supported
previous results indicating that P. griseola
coevolved with its common bean host
(11,17). Thus, the Andean isolate was
more commonly detected on the Andean
genotype; whereas the Mesoamerican iso-
late was more commonly detected on the
Mesoamerican genotype. These results
support the concept that Andean P.
griseola isolates are more pathogenic on
Andean genotypes; whereas Mesoamerican
P. griseola isolates are more pathogenic on
Mesoamerican genotypes. However, these
results also demonstrate that this coevolu-
tion is not absolute because the Andean P.
griseola isolate infected and caused ALS
disease on the Mesoamerican genotypes,
and the Mesoamerican isolate caused dis-
ease on the Andean genotypes. The detec-
tion of both Andean and Mesoamerican
isolates from individual lesions suggests
that some lesions may result from the
combined action of multiple conidia, and
that isolates of the two P. griseola groups
can coexist on or in infected leaves.

This P. griseola PCR detection method
now can be used to survey P. griseola
populations in bean-growing areas, and the
information from such surveys can be used
to better identify an appropriate source(s)

of ALS resistance for these regions. This
PCR detection approach also could be
useful for detection and typing of other
plant pathogenic fungi.
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