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Abstract

Anthracnose disease of common bean (Phaseolus vul-
garis), caused by Colletotrichum lindemuthianum, is
responsible for extensive yield losses worldwide. This
pathogen is known to vary greatly in its pathogenicity.
Control strategies include chemical control and,
mainly, the development of resistant cultivars, taking
into account the population structure of C. lindemuthi-
anum. The objective of this study was to investigate
the pathogenic and genetic diversity and population
structure among C. lindemuthianum isolates collected
in Minas Gerais state, Brazil. When these isolates were
inoculated on 12 differential cultivars, a total of 10
races were identified within a series of 48 isolates col-
lected in Minas Gerais, Brazil. Races 65, 81 and 73
were the most frequent races and occurred in most of
the regions. This study also detected race 337, which
had not been reported previously in the literature.
Random amplified polymorphic DNA (RAPD) analy-
sis performed on the same 48 isolates revealed great
genetic diversity, clustering the series into five groups
at a maximum similarity value of 89.6%. There was
no clear relationship between the loci sampled by
RAPD markers and the pathogenic characterization.
Analysis of molecular variance showed that 96.06% of
the variability was contained within regions and 3.94%
among regions, indicating a high exchange of genetic
material among the regions of the State. Most of
the variability was detected within races (75.24%). The
pathogenicity and RAPD assays corroborated
the broad genetic diversity of the pathogen and the
results have been useful in breeding for resistance to
anthracnose.

Introduction
Anthracnose, caused by Colletotrichum lindemuthianum
(Sacc. & Magn.) Scribner is one of the most important

diseases in common bean and can be devastating when
climatic conditions favour the pathogen. Losses due to
disease can reach to 100% (Chaves, 1980; Rava et al.,
1993, 1994; Gonzalez et al., 1998) and control strat-
egies include, mainly, use of clean seed, chemical con-
trol and the development of resistant cultivars. In
Brazil, most bean production is by medium to small or
subsistence farmers who do not apply fungicides due
to high costs. As a result, breeding for disease resist-
ance is the most effective, safest, practical and econom-
ically accessible strategy to control anthracnose
disease.

Despite this, the major limitation for developing
durable resistance in common bean cultivars is the
magnitude of variability in C. lindemuthianum reported
worldwide (Rava et al., 1993, 1994; Balardin, 1997
Balardin and Kelly, 1998; Gonzalez et al., 1998; Mah-
uku and Riascos, 2004; Talamini et al., 2004). High
levels of pathogenic (90 races) diversity have been
identified among 200 isolates, revealing C. lindemuthia-
num to be a highly diverse pathogen (Mahuku and
Riascos, 2004). Furthermore, evolving races of C. lind-
emuthianum continue to overcome specific resistance
genes in Phaseolus vulgaris (Kelly, 1995; Balardin and
Kelly, 1998). Knowledge of the predominant races of
C. lindemuthianum will allow breeders to adopt strat-
egies to improve durable resistance, such as pyramid-
ing resistance genes in P. vulgaris. Therefore,
understanding pathogenic variability is a fundamental
part of a breeding programme (Alzate-Marin and Sart-
orato, 2004).

The genetic diversity of C. lindemuthianum has been
investigated using random amplified polymorphic DNA
(RAPD) marker analysis (Balardin et al., 1997; Sicard
et al.,, 1997, Gonzalez et al., 1998; Mesquita et al.,
1998; Thomazella et al., 2002; Mahuku and Riascos,
2004), amplified fragment length polymorphism (Gon-
zalez et al., 1998) and random amplified microsatellites
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(RAMs) (Mahuku and Riascos, 2004). These studies
have revealed that C. lindemuthianum is a highly vari-
able pathogen that maintains high levels of genetic
diversity. Mahuku and Riascos (2004) showed that the
diversity exhibited by C. lindemuthianum does not
appear to cluster according to common bean gene
pools, while the high diversity found in the Mesoameri-
can region seems to indicate that C. lindemuthianum ori-
ginated and was disseminated from this region.

Combining virulence studies with molecular analysis
will lead to a better understanding of the variability pre-
sent in C. lindemuthianum, information that is crucial
for designing anthracnose management strategies,
deploying resistance genes and developing resistant
commercial bean cultivars (Mahuku and Riascos, 2004).

The objective of this study was therefore to analyse
the pathogenic and genetic diversity of C. lindemuthia-
num isolates collected in Minas Gerais state, so as to
generate data to be used in breeding programmes for
resistance to common bean anthracnose.

Materials and Methods

C. lindemuthianum race identification

Fungal isolates. Isolates of C. lindemuthianum obtained
from naturally infected common bean cultivars were
used in this study. Forty-eight isolates of the bean
anthracnose fungus were collected from four regions
of Minas Gerais state, Brazil: Buriti, Coromandel,
Monte Carmelo and Patos de Minas (Alto Paranaiba
Region); Januaria and Unai (North Minas Region);
Lambari, Lavras and Luminarias (South Minas
Region) and Vigosa (Forest Zone Region), as shown
in Table 1. Small pieces of infected plant tissue were
surface-sterilized and placed on Petri dishes containing
M3 culture medium, and each isolate was purified by
single spore isolation technique and multiplied in bean
pods embedded in M3 medium.

Identification of races. The set of 12 differential culti-
vars proposed by International Center for Tropical
Agriculture (CIAT, 1990), plus the susceptible cultivar
Carioca, was inoculated with each C. lindemunthianum
isolate (Table 1). Sixteen seeds were sown for each dif-
ferential cultivar.

To obtain high sporulation levels, sterile young
green bean pods were inoculated with a suspension of
each isolate of C. lindemuthianum and were incubated
at 22 + 2°C for 8-10 days in darkness. A conidial sus-
pension was obtained by filtering the homogenate
through two layers of cheesecloth to remove mycelial
fragments. The spore concentration was estimated
using a hemocytometer and adjusted to a final concen-
tration of 1.2 x 10° conidia/ml using sterile distilled
water. Ten-day-old bean seedlings, with fully expanded
primary leaves, were sprayed with the conidial suspen-
sion until runoff on the stem and both surfaces of the
unifoliolate leaves using a De Vilbiss air compressor.
Inoculated plants were incubated in a humidity
chamber (20 + 2°C, 95% relative humidity) for 48 h
with a 12-h photoperiod.

Table 1
Races and provenances (county and regions of Minas Gerais state,
Brazil) of the Colletotrichum lindemuthianum isolates investigated

Isolate Races County® Region® Isolate Race County Region

1 65 BUR AP 25 81 LV SM
2 65 BUR AP 26 81 LV SM
3 69 BUR AP 27 81 LV SM
4 81 BUR AP 28 81 LV SM
5 65 CO AP 29 81 LV SM
6 65 MC AP 30 89 LV SM
7 65 MC AP 31 89 LV SM
8 81 PM AP 32 65 LU SM
9 81 PM AP 33 65 VI M
10 87 PM AP 34 65 VI M
11 65 JA NM 35 65 VI M
12 81 UN NM 36 65 VI M
13 65 LM SM 37 65 VI M
14 65 LM SM 38 65 VI M
15 8 LV SM 39 81 VI M
16 64 LV SM 40 81 VI M
17 65 LV SM 41 81 VI M
18 65 LV SM 42 83 VI M
19 65 LV SM 43 87 VI M
20 73 LV SM 44 87 VI M
21 73 LV SM 45 337 VI M
22¢ 73 LV SM 46 337 VI M
23¢ 73 LV SM 47 337 VI M
24¢ 73 LV SM 48 337 VI M

#County: BU, Buriti; CO, Coromandel; MC, Monte Carmelo; PM,
Patos de Minas; JA, Januaria; UN, Unai; LM, Lambari; LV, Lav-
ras; LU, Luminarias; VI, Vigosa.

I’Regions; AP, Alto Paranaiba Region; NM, North Minas Region;
SM, South Minas Region; ZM, Forest Zone Region.

“Isolates of sexual stage (Glomerella cingulata f. sp. phaseoli).

Plants were transferred to greenhouse benches. Dis-
ease reactions were scored 7-10 days after inoculation
based on a 9-point descriptive scale (Schoonhoven and
Pastor-Corrales, 1987). On this scale, resistant pheno-
type scores of 1-3 are assigned to plants with limited
or no symptoms and no fungus sporulation (incompat-
ible reaction) whereas plants that were scored 4 or
greater are considered susceptible (compatible reac-
tion). Inoculations were repeated at least twice for
each isolate. The identified races were assigned a value
based on the binary nomenclature system (Habgood,
1970). The differential cultivars were arranged in a
fixed order and receive a fixed value. This value was
defined by the following equation: 2"~', where 2 was
the number of reaction classes taken into consideration
(resistant or susceptible) and n is the order number of
the cultivar. An incompatible reaction has a value of
zero and nullifies the cultivar value when multiplied by
it. The compatible reaction has a value of 1 and gives
the same cultivar value when multiplied by it. So, the
total sum of the values from the compatible reaction,
gives the number that designates the race.

DNA manipulation and analysis

Mycelium from each of the 48 isolates was plated on
Petri dishes containing M3 medium (Junqueira et al.,
1984) and incubated at 22°C for 12 days. Agar plugs
taken from the actively growing margins of the colonies
were transferred to Erlenmeyer flasks, each containing
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125 ml of M3 liquid culture medium. The flasks were
then incubated under constant agitation at 110 rpm at
20°C in the dark for 7 days. The mycelial mass was fil-
tered through cheesecloth, washed with 0.05 M EDTA,
and kept at —20°C for DNA extraction.

The DNA was extracted according to the (modified)
methodology developed by Raeder and Broda (1985).

The RAPD reactions were carried out with the
primers OP A13, OP AQIl11, OP AS19, OP BAO03, OP
BA06, OP BA0S, OP BB01, OP BB03, OP BB0S5, OP
BB08, OP BB12, OP BBI13, OP BB15 and OP BB19
(Operon Technologies, Alameda, CA, USA). Amplifi-
cation reactions were performed in thermocycler model
Eppendorf MasterCycler Gradient 5331 (Eppendorf,
Hamburg, Germany) in a 14 ul final volume contain-
ing 4 ul water, 35 ng of genomic DNA and 50 um of
each dNTP, 0.4 um oligonucleotide primer, 50 mm
Tris-HCI, pH 8.0, 2.0 mm MgCl,, 20 mm KCIl and
0.6 units Tag DNA polymerase enzyme.

Amplification was programmed for one initial dena-
turation cycle (94°C for 2 min), followed by 38 cycles
of 2 min at 94°C, 15 s at 37°C and 1 min at 72°C and
a final extension step of 2 min. Amplification products
were separated by electrophoresis in 1.0% agarose gel
and visualized under UV light (Fotodyne Ultraviolet
Trans-illuminator; Fotodyne Inc., New Berlin, WI,
USA) before being photographed with a Kodak EDA
— 290 camera (Eastman Kodak Company, Rochester,
NY, USA).

The DNA bands obtained for each individual were
scored based on their presence (1) or absence (0). Only
polymorphic bands were considered. The genetic simi-
larities between individuals were estimated by using
the Nei and Li coefficient (Nei and Li, 1979). The simi-
larity matrix generated was then used to produce a
dendrogram by the unweighted pair group method
with arithmetic (UPGMA) using the NTsys-pc 2.1
program.

The errors associated with each similarity were esti-
mated according to the following expression modified
from Skroch et al. (1992).

I_Sgij
n—1

Estimated standard error:(ssg) = {/sg; ,
where 7 is the sum of a, b and ¢ for each isolate pair.

The genetically different isolates were identified in
the dendrogram based on the estimated maximum sig-
nificant similarity value (sg,,). The sg,, was estimated
by a t-test, using the following expression:

sg, =1 — (¢ X 5g),

wherein ¢ is the tabled value of the Student’s ¢
distribution at the 1% level of probability with n — 2
degrees of freedom and sy is the mean error of the
comparisons considered in the dendrogram.

Analysis of molecular variance
The analysis of molecular variance (AMOVA) was per-
formed by using the ARLEQUIN 2.000 program (Schnei-
der et al., 2000). The analyses used a hierarchical
structure in which each region (except North Minas)
and each physiological race (except races 8, 64, 69, 83
and 89) were considered as populations.

The total genetic variance o3 corresponded to
0'3 + 0'12).

Variance components were tested using the ¢st coef-

ficient, obtained from the expression.

02

—_a
d)ST O_% )

where ¢gt is equivalent to the ratio of variances among
categories (regions or races) divided by the total
variance.

Results and Discussion

The isolates analysed in this study presented different
patterns of virulence when inoculated on the 12 differ-
ential cultivars (Table 2). The 48 isolates studies were
classified into 10 distinct races. These results confirm
that C. lindemuthianum is pathogenically highly vari-
able, in agreement with Mahuku and Riascos (2004)
who identified high levels of pathogenic (90 races)

Table 2
Reaction of differential cultivars

Differential cultivars®

to the isolates of Colletotrichum

0 1 2
lindemuthianum and identification Races 2 2 2
of races 8 b
64 - - -

65 + - -

69 + - +

73 + - -

81 + - -

83 + + -

87 + + +

89 + - -

337 + - -

Isol/dif. cvd 46 4 4

2?2t 28 2% 27 2% 27 2 2" Number of isolates
e 1
T S 1
R S 18
- - -+ - - - - - 1
+ - - + - - - = - 5
R T 12
- + - + - - - - - 1
- + - + - - - - - 3
+ o+ -+ - = = = - 2
- + - + - 4+ - - - 4
8 22 0 4 0 4 0 0 0 48

Michelite (2°), Michigan Dark Red Kidney — MDRK (2'), Perry Marrow (2°), Cornell 49-242 (2%),
Widusa (2%), Kaboon (2°), Mexico 222 (2°), PI 207262 (27), TO (2%, TU (2°), AB136 (2'°) and G2333

@'.
*Incompatible reaction (-).
“Compatible reaction (+).

9Isol/dif. cv. — number of isolates that presented compatible reaction with each differential cultivar.
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diversity among 200 isolates. Race 65 was the most
frequent (18 isolates) and the most widely distributed
in Minas Gerais state. Other races that presented high
frequencies were 81 and 73, with 12 and 5 isolates,
respectively (Table 2). These results reveal the need of
breeding programmes to develop cultivars with resist-
ance genes to these races and that the best strategy
should involve pyramiding resistance genes. Others
studies carried out in Brazil have shown that races 63,
73 and 81 are the most frequent (Rava et al., 1994;
Balardin et al., 1997; Carbonell et al., 1999; Somavilla
and Prestes, 1999; Sartorato, 2002; Talamini et al.,
2002, 2004).

The low frequency of occurrence of other races,
however, does not mean that they should be ignored.
Attention should be paid to containing the appearance
of new virulence alleles capable of ‘breaking’ the resist-
ance of those alleles widely used in breeding pro-
grammes. Therefore, adequate planning should be
adopted, observing the regions of occurrence of races
and host cultivars, to delay the dissemination or arri-
val of new races in determined regions, and conse-
quently, prolong the useful life of the cultivars
indicated for cropping.

In this study, the sexual form of C. lindemuthianum
fungus was identified for the first time in natural popu-
lations. This important finding could explain part of
the wide variability presented by C. lindemuthianum,
despite the sexual stage being rare in nature (Mahuku
and Riascos, 2004). Pathogens with mixed reproduc-
tion systems have significant advantages over strictly
asexual or strictly sexual pathogens. During the sexual
cycle, many new combinations of alleles are produced
and mutations will be recombined into many different
genetic backgrounds (McDonald and Linde, 2002).

The identification of race 337 is also of great
importance as it ‘breaks’ allele Co-4 resistance present
in the TO differential cultivar (Table 2), which has
been used as a source of resistance in several breeding
programmes. The occurrence of new races could have
arisen by a loss of avirulence factors (Alzate-Marin
et al., 1997). Race 337 infects one extra differential cul-
tivar (TO) compared with race 81, which was one of
the most frequent in Minas Gerais state in last years
(Abreu et al., 1993). It is speculated that mutation
within pathogen populations leads to a loss of aviru-
lence factors, producing a compatible reaction with
cultivars that were previously resistant (Alzate-Marin
et al., 1997). The breeding programmes could use, for
example, cultivar G2333 (Co-4°, Co-5 and Co-7 genes)
as a source of resistance in crosses with commercial
cultivars which aim to develop bean cultivars with
long-lasting resistance to the anthracnose pathogen by
resistance genes pyramids.

In order to determine whether the pattern of infec-
tion of the differential cultivars by C. lindemuthianum
isolates is a general pattern observed in other studies,
a comparison was made of the infection patterns of all
races reported in Minas Gerais state in the last
10 years (Fig. 1b; Rava et al., 1994; Vilarinhos et al.,

(a)
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=
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96.97 96.97
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=1
£
S 804
]
2
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=
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(="
E 2/
© 0.00 0.00 0.00 0.00 0.00
S —
2 E

Michelite
MDRK
Widusa
Kaboon

Meéxico 222
P1207262
AB 136
G2333

Perry Marrow
Cornell 49242

Differential cultivars

Fig. 1 Percentage of compatible reactions between differential culti-
vars and evaluated isolates. (a) Present data; (b) literature compiled
data in last 10 years

1995; Alzate-Marin et al., 1997; Mesquita et al., 1998;
Sartorato, 2002; Talamini et al., 2002, 2004). These
compiled results indicate that the cultivars most fre-
quently found to be susceptible in other studies are
Mexico 222, Michelite, MDRK, Perry Marrow, Wid-
usa, Cornell 29242, Widusa and Kaboon. A compar-
ison of Fig. la,b shows that the pattern of infection, in
general, was similar but in the new data, cultivar TO
was infected. This comparison with the data compiled
from the literature emphasizes a good sampling of the
races, and also shows a low tendency of modification
in the pattern of infection in differential cultivars. Sim-
ilar results have been obtained by Gonzalez et al.
(1998).

Nine of the 10 distinct races presented compatible
reactions with the differential cultivar Mexico 222
(Co-3) and eight with the differential cultivar Michelite
(Table 2). Talamini et al. (2002) studied isolates
derived from different common bean crop regions in
Minas Gerais and verified that the differential cultivars
Michelite and Mexico 222 were susceptible to 16 of
the 17 isolates evaluated. Similar results have also been
reported in other surveys (Rava et al., 1994; Balardin,
1997; Carbonell et al., 1999; Talamini et al., 2004).

The differential cultivars Kaboon (Co-1?), PI 207262
(Co-4*> and Co-9), TU (Co-5), AB136 (Co-6 and co-8)
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and G2333 (Co-4°, Co-5 and Co-7) were not infected
by any races (Fig. 1a), showing that those cultivars are
important sources of resistance for a breeding pro-
gramme to control anthracnose. Carbonell et al. (1999)
and Talamini et al. (2002) observed that the resistance
of cultivars TO, TU, AB 136 and G2333 was not
broken.

Table 3 shows the geographic distribution of the
races. Lavras and Vigosa showed the greatest isolate
frequency (68.75%). Some races occurred only in one
location, such as races 8, 64, 73 and 89 in Lavras, 69 in
Buriti, 83 and 337 in Vigosa. However, races such as 65
and 81 were found in eight and five locations, respect-
ively, among the 10 evaluated, showing evidence of
wide distribution and adaptation in Minas Gerais state.
This wide distribution may have been generated by
the free grain trade within the state and especially by the
use of susceptible cultivars such as Perola and Carioca.

Some studies have underlined the wide dissemin-
ation and adaptation of these two races in Brazil
(Rava et al.,, 1994; Balardin et al.,, 1997; Carbonell
et al., 1999; Talamini et al., 2002, 2004). The occur-
rence of only one race was reported in some locations,
showing that knowledge of the variability of the fun-
gus in each region is an important basis to establish a
breeding programme for resistance to anthracnose.

RAPD analysis
A total of 64 polymorphic bands were used to analyse
the 48 C. lindemuthianum isolates. An average of 4.57
bands was generated per primer. The genetic similarity
among the isolates ranged from 0.65 to 0.99 (Fig. 2).
The cut-off line represents the maximum similarity
value (sgm) to the right of which, the accessions are
considered similar. The s,y at the 1% probability level
was 0.896. The dendrogram showed the occurrence of
five groups. Group I contained 55% of the isolates

Table 3
Distribution of Colletotrichum lindemuthianum isolates in different
regions of Minas Gerais state, Brazil

Regions®

AP NM SM M
Races BU CO MC PM JA UN LM LV LU VI
8 1
64 1
65 2 1 2 1 2 301 6
69 1
73 5
81 1 2 1 5 3
83 1
87 1
89 2
337 4
Total isolates 4 1 2 3 1 1 2 17 1 16

“Regions: AP, Alto Paranaiba Region; NM, North Minas Region;
SM, South Minas Region; ZM, Forest Zone Region. Counties: BU,
Buriti; CO, Coromandel; MC, Monte Carmelo; PM, Patos de Minas;
JA, Januaria; UN, Unai; LM, Lambari; LV, Lavras; LU, Lumina-
rias; VI, Vigosa.

from the South Minas Gerais region and 50% of the
isolates from the Forest Zone.

Eight of the 10 isolates from the Alto Paranaiba
Region were also classified in this group. Group II
was formed by two isolates, one from the Forest Zone
Region (37 ZM) and the other from the South Minas
Region (17 SM). Two isolates from the South Region
(13 SM and 19 SM) formed Group III. The four iso-
lates from the Forest Zone were classified as race 337
and formed Group IV. Group V was formed by iso-
lates of the sexual phase (Glomerella cingulata f. sp.
phaseoli) of the C. lindemuthianum fungus.

The results do not give evidence of geographical dif-
ferentiation for C. lindemuthianum in Minas Gerais
state. This support the conclusions of Fabre et al.
(1995), Balardin et al. (1997) and Mahuku and Riascos
(2004) who reported that the genetic structure of
C. lindemuthianum reveals no geographical differenti-
ation. This has important implications in the employ-
ment of resistance genes and in directing programmes,
which are tasked with developing anthracnose-resistant
cultivar. However, some studies showed that C. lind-
emuthianum isolates separated into groups associated
with the geographic location from which they were
obtained (Alzate-Marin et al., 1997; Gonzalez et al.,
1998; Thomazella et al., 2002). The difficulty of clus-
tering the isolates by region of origin can be explained
by the free interchange of seeds infected with C. [ind-
emuthianum spores among regions. Furthermore, the
breeding programmes are based mainly on the intro-
duction and assessment of a large number of lines of
different origins.

Correlation was not observed between the molecu-
lar markers and races. Low correlation coefficients
between the virulence patterns and the group of
RAPD were expected as virulence is a character that
has been selected strongly. Other than this, the char-
acters detected by RAPD are neutral, are distributed
along the genome and have not been selected. For
this reason, it is not out of place that the two types
of characters have developed divergent forms and at
different rates (Otoya et al., 1995). However, accord-
ing to Mahuku and Riascos (2004), combining
virulence studies with molecular analysis will lead to
a better understanding of the variability present in
C. lindemuthianum, crucial information for designing
anthracnose management strategies, deploying resist-
ance genes and developing resistant commercial type
bean cultivars.

Analysis of molecular variance

Table 4 shows the summary of the AMOvVA obtained
from clustering at regional level. Each region, except
for North Minas (only two isolates), was considered to
be a population. The AMova showed that the genetic
differentiation among regions is highly significant
(@sT = 0.0394, P < 0.016; 50 175 permutations), with
3.94% and 96.06% of the genetic variability being
among regions and within regions (populations),
respectively. The free exchange of seeds among regions
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——————2MGgV similarities among isolates of
R T —— Colletotrichum lindemuthianum
0.70 0.77 0.84 0.92 0.9 from four subregions of Minas
Coefficient sgm Gerais state
Table 4 Table 5

Summary of analysis of molecular variance of three regions (AP, SM
and ZM), from Minas Gerais state of Colletotrichum lindemuthianum
evaluated for random amplified polymorphic DNA markers

Summary of analysis of molecular variance for seven races of Col-
letotrichum lindemuthianum evaluated for random amplified polymor-
phic DNA markers

Variance Total

S.V. df SS components (%) &gy P-value

Variance Total

S.V. df SS components (%) &gy P-value

Among regions 2  23.592 0.3014 3.94 0.0394 0.016
Within regions 43 315.625 7.3401 96.06

Total 45 339.217 7.6415 100.00

Among races 4  86.678 2.0727 2476 0.2476  0.000
Within races 37 232.989 6.2970 75.24

Total 41 319.667 8.3696 100.00

may have contributed substantially to the increased
variability within regions vs. that among regions.

Different results were reported by Sicard et al.
(1997), who studied the genetic diversity among
C. lindemuthianum isolates originating from three
centres of P. vulgaris diversity. The authors used
AMOVA to show that 58.46% of the diversity was
among regions. These results can be explained by the
facts that the sampling differed for each country
(Mexico, Ecuador and Argentina), there was no
exchange of contaminated seeds among the countries
and, principally, isolate surveys were carried out in
regions where cultivars of different gene pools were
cropped (Andean and Mesoamerican). The cultivars
used in Brazil are mainly from the Mesoamerican
gene pool.

Further clustering at race level was made, where each
race (except races 8, 64, 69, 83 and 89) was considered a
population, and an AMova was performed (Table 5).
Again, the greater part of the variability was detected
within races (75.24%). It was also observed that the
genetic variability among races was highly significant
(Pst = 0.2476, P < 0.000; 50 175 permutations). The
high among- and especially within-race variability
detected showed the need for good sampling of races
and numbers of isolates and demonstrated the consis-
tency of the sampling performed in this study.

Different isolates belong to the same race when they
are present in common the same pathogenicity geno-
type. However, the loci that were sampled by RAPD
markers were not necessarily identical for the same
race, justifying the high variability found within the
populations, because, as was observed, there was no
relationship between the molecular markers and the
races characterized by the differential cultivars. Most
of the among-race variability resulted, for example,
from what occurred with race 65 isolates in Groups 11
and IIT (Fig. 2). The races in these groups may have
originated from different races by mutation and con-
vergent directional selection. Conversely, the great
number of different races within the same group, given
their high degree of kinship, may have originated from
mutations in the same race.

Thus, it was shown that there was large within-race
variability, which validated studies emphasizing the
great potential of this fungus to generate variability,
and the need to assess the mechanisms involved in
obtaining this genetic variability (Gonzalez et al.,
1998; Camargo, 2004).
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