
Maize is the second most important crop in the

Philippines, where Fusarium species are com-

monly reported (Sharma et al. 1993; Esteves et al.

1996; Rallos and Dalmacio 2004). Fusarium

verticillioides (syn. F. moniliforme, teleomorph

Gibberella fujikuroi mating population A,

or G. moniliformis) was first reported in the Phil-

ippines by Reinking in 1918 in maize ears, but it

also causes seedling and stalk rots (Marasas et al.

1984; Nelson 1992). F. verticillioides can cause

stand reduction, poor kernel quality, and is a po-

tential threat to human and animal health, as most

isolates belonging to this species are fumonisin

producers (Nelson et al. 1991; Leslie et al. 1992).

Fumonisins are the most recently discovered

mycotoxins, which have been associated with hu-

man esophageal cancer (Nelson et al. 1993).

Fumonisins have been reported in corn in the

southern Philippines for the first time (Miller et al.

1993; Yamashita et al. 1995), but no further re-

searches have been initiated since then except for

a single article (Rallos and Dalmacio 2004). De-

spite the agricultural impact of F. verticillioides in

the Philippines, no data on genetic characteriza-

tion of this species with respect to mating

population and type are available.

G. fujikuroi is heterothallic (self-sterile) thus

facilitating genetic crosses of 2 different mating

types (Phinney and Spector 1967). Two isolates

are cross-fertile if they carry the different mating

type idiomorphs MAT-1 and MAT-2 (Leslie 1995;

Kerenyi et al. 1999). Eight different mating popu-

lations have been recognized in G. fujikuroi

(Leslie 1991; Leslie 1999) and 3 of these 8 mating

populations (designated A, D, and E) are

fumonisin producers and pathogens of corn

(Munkhold and Desjardins 1997). Most studies on

Fusarium species done in the Philippines have

outdated taxonomy that placed virtually every iso-

late in F. moniliforme. The sexual crosses are sim-

ple ways to analyze different F. verticillioides

strains, and to distinguish between strains that are

morphologically identical.

Knowledge of genetic variation of important

fitness traits (like fertility and aggressiveness) of

Fusarium spp. in maize is important in resistance

breeding, in estimating the evolutionary risk of the

pathogen, and in planning the agricultural man-
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agement practices (Leslie 1991; Cumagun 2004).

Owing to the difficulty in comparing the size of

fungal field populations, the effective population

number (Ne) provides an estimate of the popula-

tion size relative to a randomly mating population

(Caballero 1994; Leslie and Klein 1996). This pa-

rameter is used under the following conditions:

(1) non-random mating, and (2) unequal distribu-

tion of individual members of the population to the

gene pool of the next generation. The objectives

of this study were: (1) to determine the frequency

of the 2 mating alleles in a population of

F. verticillioides in Laguna province, (2) to deter-

mine the relative proportion of female-sterile and

hermaphroditic strains within the population,

and (3) to determine the mating type and inbreed-

ing effective population numbers for this popula-

tion.

Samples of healthy and moldy seeds were ran-

domly collected from 3 nearby towns (Tranca, Los

Ba�os, Calamba) in the province of Laguna in the

mainland Luzon, Philippines. Seeds were sur-

face-sterilized with 1% NaOCl, rinsed in

3 changes of sterile distilled water, blotted dry in

tissue paper, and plated on pentachloro-

nitrobenzene (PCNB) selective medium (Nash

and Snyder 1962). The cultures were incubated

under light for 4–5 days, and typical white to pur-

ple growth on the medium was isolated. Morpho-

logical identification was based on the

identification manual by Burgess et al. (1994).

For storage, sterilized disks of filter paper were

placed on potato dextrose agar (PDA) culture of

each isolate. After a week of incubation, the disks

were recovered and air-dried in a sterile Petri plate

before storing them in 2 mL Eppendorf tubes

at 4oC.

Standard tester strains FGSC7600 (MATA-1)

and FGSC7603 (MATA-2) were used as female

parents (Fungal Genetics Stock Center, Missouri,

USA). Mating types of 80 isolates were deter-

mined as described by Klittich and Leslie (1988).

Briefly, the isolates were grown as female parents

on carrot agar in duplicate, and fertilized with the

tester strain. The female parent was inoculated by

mycelial transfer onto a carrot agar plate, and the

male parent was at the same time incubated in wa-

ter agar slant cultures. After a week, conidia from

the male parent were suspended in 3–5 mL of

2.5% Tween 80 solution, and 1.0–1.5 mL of the

suspension were gently spread over the surface of

the female parent colony with a sterile bent glass

rod. A set-up with tester strains alone served as

control. A fertile cross is one in which a cirrhus of

ascospores can be seen emerging from a mature

perithecium 2–4 weeks after fertilization. Upon

determining the mating type of the isolates,

a reciprocal cross was done to determine female

fertility. All crosses were repeated once. Effective

population number based on mating type ratios

and relative frequency of female-fertile field iso-

lates of different mating populations was calcu-

lated on the basis of the equations derived

previously for ascomycete fungi by Leslie and

Klein (1996).

Of the 80 strains examined, 50 were

cross-fertile with one of the mating type A testers

and produced fertile perithecia with cirrhi of asco-

spores. MATA-1 and MATA-2 segregated 27 : 23,

giving an Ne(mt) of 81% of the count (total popula-

tion). In theory, mating type segregates in a 1 : 1

ratio because this trait is controlled by a single

Mendelian locus in heterothallic ascomycetes

(Leslie and Klein 1996). Among the 50 fertile iso-

lates, 15 were hermaphrodites and 35 were fe-

male-sterile, resulting in an Ne(f) value of 36%.

If the sterile isolates are included in the calcula-

tion, then Ne(f) becomes 42% (Table 1). Among the

15 hermaphrodites, MATA-1 : MATA-2 segre-

gated in a 11 : 4 ratio. Although both mating types

are present, the low frequency of hermaphrodites

in this population (19%) suggests that sexual re-

production is relatively infrequent. Results for this

population were compared with other studies (Ta-
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Table 1. Effective population number parameters of sexual reproduction for Fusarium

verticillioides

Mating
ratio Nfs : Nh

Effective population number, Ne Reference

Mating type,
Ne(mt)

Male/hermaphrodite
polymorphism, Ne(f)

27 : 23 35 : 15 81 42 this study

23 : 47 62 : 8 89 26 Chulze et al. (2000)

16 : 23 10 : 29 97 98 Danielsen et al. (1998)

59 : 17 39 : 37 69 88 Mansuetus et al. (1997)

237 : 446 342 : 341 91 89 Leslie and Klein (1996)

Nfs = number of female-sterile isolates; Nh = number of hermaphroditic isolates



ble 1). F. verticillioides isolates in maize from

Costa Rica (Danielsen et. al. 1998), the United

States (Leslie and Klein 1996), and Tanzania

(Mansuetus et al. 1997) have much higher fre-

quencies of hermaphrodites and a higher potential

for sexual reproduction. The high value of Ne(mt)

and the low value of Ne(f) of the Philippine popula-

tion is, however, comparable with the Argentinian

population analyzed by Chulze et al. (2000).

Moreover, the mere occurrence of the 2 opposite

mating types does not imply a high frequency of

sexual reproduction, as shown by this study.

In support of this finding, sexual reproduction in

the field has not been observed for this fungus by

me. It could be that the population has recently

passed through its sexual stage and the progenies

derived from it have not undergone selection and

genetic drift (Chulze et al. 2000). But in other

countries, like Vietnam, perithecia of

F. verticillioides were collected from old corn

stalks (Summerell et al. 1998). The considerable

proportion of the population belonged to mating

population A, which confirms their species iden-

tity. This implies that Philippine maize could be

contaminated with fumonisins.
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