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ABESTRACT

The difference in virulence of two standard strains in colonizing seedling hypocotyle and fruit exocarp suggested that

multi-locus control of this trait. Whereas, Strain ATCC18099 was unable to infect uninjured cucumber and Zucchini fruits, both

strains had high virulence against seedlings. The inheritance mode of this trait was studied by tetrad and random ascospore

analysis with ascospores obtained from reciprocal crossings between ATCC18098 and ATCC18099. Segregation of MAT and

perithecial color was also examined in both types of ascospore analyses. The results of tetrad analysis indicated 4:4 segrega-

tion for the high virulence associated with strain ATCC18098 in each tetrad, suggesting a Mendelian mode of inheritance. In

random ascospore analysis, chi-square test supported that progeny with and without high virulence segregated in 1:1 in each

cross and linkage analysis showed that such trait segregated independently from either MAT or perithecial color trait.
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INTRODUCTION

Fusarium solanif. sp. cucurbitae is acommon
soil borne important pathogen on cucurbit plants
all over the world. Two races of this pathogen
have been identified on the basis of tissue speci-
ficity. Race 1 infects hypocotyls causing cortical
stem rot, and mature fruits causing a dry rot. On
the other hand, Race 2, attacks only fruits [1, 2].
The perfect stage Nectria haematococca Berk.
& Broome, has been described for both races.
The N. haematococca mating population I (MPI)
(anamorph, F. solani f. sp. Cucurbitae race 1) is
the causal agent of Fusarium crown and foot rot
disease of cucurbits [2]. It prevails all over the
world, causing serious damages on the cultiva-
tion of cucurbits.

The pathogenicity is a polygenetically con-
trolled character in N. haematococca MPI and
6-12 effective factors control its pathogenicity
on hypocotyls of Cucurbita maxima [3]. How-
ever, Virulence is a complex character and the
genetics controlling it may differ significantly
from one pathogen to another and genetic factors
controlling host specificity or general virulence
include host defense detoxifying agents, aviru-
lence genes, toxins and degrading enzymes [4].

In this sense, cucurbit fruit exhibited variabil-
ity for overall susceptibility to N. haematococca
MPI as evidenced by the number of fruit infect-
ed, time to sporulation, and extent of infection.
Susceptibility did not correlate with taxonomic

classification, while summer squash and zuc-
chini were highly susceptible; acorn squash and
pumpkin were less susceptible. Also, thickness
of rind did not correlate with the susceptibility,
as muskmelon was one of the most susceptible,
and cucumber one of the least [4].

While some fungi cannot be subjected to
crossing experiments, N. haematococca MPI is
well suited to genetic analyses because it is a
heterothallic and its sexual stage can be obtained
easily in laboratory conditions. Both tetrad and
random ascospore analysis are possible and
many traits relating to sexual reproduction, cul-
tural appearance, heterothallism and tolerance to
fungistatic compounds have been studied for this
fungus through meiosis [1,5,6].

In this study, the mode of inheritance of vir-
ulence in two strains of N. haematococca MPI
against unwounded cucurbit fruits was geneti-
cally analyzed through meiosis in relation with
two other traits, perithecia color and matting
genes.

MATERIALS AND METHODS

Fungal strains and culture.—Two standard
strains of N. haematococca MPI were purchased
from American Type Culture Collection (Www.
atcc.org), ATCC18098 and ATCC18099. They
were grown on potato dextrose agar (PDA) for
routine use and V8-juice agar [7] was used for
crossing experiments.
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Reciprocal crossing.—Reciprocal cross-
ing between ATCC18098 and ATCC18099 was
made using the modified procedure of VanEtten
[8]. Conidia of each strain were separately
spread on V8 juice agar in plastic Petri dishes
(10-cm diameter) and mycelia were allowed to
develop by incubating at 22-24 °C for 10-15
days under continuous fluorescence lighting. For
spermatization, about 10 mL of conidial suspen-
sion prepared from the V8-juice plate culture
was poured on the mycelia of the strain acting
as the female. After 5 mints, the conidial suspen-
sion was drained, and the fertilized cultures were
incubated as above for 2-3 weeks to allow for-
mation of mature perithecia.

Ascospores analysis.—In random ascospore
analysis, ascospore masses oozing from mature
perithecia were suspended in distilled water and
spread on 4% (w/v) water gelatin plates. Single
ascospores were randomly isolated using a hand-
made flexible glass needle and cultured on PDA
slants. For tetrad analysis, mature perithecia
from each cross were washed with water to re-
move any conidia on their surface and squashed
with a pair of forceps in a drop of water on the
surface of 4% water gelatin plates to release asci.
The individual asci were then moved to new wa-
ter gelatin plates. Ascospores were isolated from
each ascus using a glass needle and cultured on
PDA slants.

Virulence test—Both parents and the se-
lected progenies were tested for their virulence
on seedlings and fruits of Cucumber (Cucumis
sativus) and Zucchini (Cucurbita pepo). Stems
of uniform seedlings were washed in running
tap water before inoculation with 6-mm-diam-
eter plug each of 7-11days’ old mycelium culture
[4]. For fruits, 3-4 mycelial agar plugs were used
for each and covered with parafilm stripes, and
then they were incubated at room temperature in
sealed aluminum trays with moist paper. All the
inoculated seedlings and fruits were placed in
the glasshouse. Development of symptoms was
observed every 2 days for 15 days. The experi-
ment was repeated twice.

MAT and the perithecial color.—In both
types of ascospore analyses, MAT and the peri-
thecial color were detected to check if segrega-

tion in sexual crosses was normal for the other
chromosomes. Both traits were determined by
back-crossing of each ascospore progenies with
each parental strain.

RESULTS AND DISCUSSION

Host specificity in fungal pathogen-host in-
teractions is of great importance for the viru-
lence of a specific organism. Physical attach-
ment to the host, mediated by specific binding
of homologous fungal material to the cell sur-
face [9,10,11,12], and the subsequent host-par-
asite recognition are early stage examples of
such specificity. In this study, mycelium agar
plugs were used instead of conidial suspension
for inoculation to confirm best contact of fun-
gal conidia to plant surface [13,14]. Also, both
standard strains were selected; ATCC18098 is a
MAT1-1 hermaphrodite with red perithecia and
ATCC18099 is a MAT1-2 hermaphrodite with
white perithecia to ensure reciprocal crossing
and recognizable color difference [15].

The inheritance mode of virulence in sexual
crosses was studied by tetrad and random asco-
spore analysis with ascospores obtained from
reciprocal crossings between ATCC18098 and
ATCC18099. Generally, for detecting the degree
of virulence of a progeny, the length and/or the
diameter of infection lesions on a seedling hy-
pocotyle and fruit exocarp were recorded. The
results showed high virulence of both parental
strains (Table 1) and their progenies on inocu-
lated seedlings with no significant differences,
which are in agreement with many previous
works [3,11,16,17].

On the other hand, both strains and their
progenies have different virulence against non-
injured fruits. Out of 200 random ascospores
progenies were obtained from two reciprocal
crosses, and while strain ATCC18099 beside 90
progenies were failed to colonize non-injured
zucchini fruits, Strain ATCC18098 and the rest
progenies did (Table 2), thus suggesting the
heterogeneity between the two studied strains.
Chi-square test supported that progenies with
and without the ability to infect non-injured fruit
segregated in 1:1 in each cross. Subsequently,
random assortment between virulence and other
chromosomes during meiosis were examined us-
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Table 1. Virulence of N. haematococca MPI on two different cucurbits.

Host Lesion size of MPI strains (mm) Virulence of reciprocal crossing progenies
ATCC18098 ATCC18099 18099X18098 18098X18099
Seedlings + - + -
Zucchini 22.34£2.5 21.34+2.8 100 0 100 0
Cucumber 19.5+£1.0 18.8+1.5 100 0 100 0
Fruits
Zucchini 7.3+£0.5 0 62a 38 a 48 a 52a
Cucumber 7.0+0.8 0 19b 16 b 18b 17b

* Lesions were scored 15 days post inculcation. *+, - : presence and absence of infection.

*a b Progenies were used in random ascospores and unordered tetrad analyses, respectively.

Table 2. Random ascospore analysis for the segregation of virulence, MAT and perithecial color gene.

(FC rxols\?[) m Segregation - Chi-square test
ATCC18099 x ATCC18098
VR 62 38 0.50<P<0.75
VR, MAT MATI-1:MATI-2=30:32 MATI-1:MATI-2=20:18 0.25<P<0.50
VR, PC VR. MAT PCred:white:32:30 red:white=13:25 0.25<P<0.50
MATI-1, red:white=17:13 %g; Ezgzﬁﬁz;gg 0.50<P<0.75
MATI-2, red:white=15:17 ’ : ’
ATCC18098 x ATCC18099
VR 48 52 0.75<P<0.90
VR, MAT MATI-1:MATI-2=23:25 MATI-1:MATI-2=23:29 0.50<P<0.75
VR, PC AMTrIe(}:Wh(i{[e:I%'S:Z?i 310 AMTrle(}:thi{[e:}%'O:321 013 0.50<P<0.75
-1, red:white=13: -1, red:white=10:
VR, MAT, PC MATI-2, red:white=12:13  MATI-2, red:white=10:19 0 20<P<0-75

*+, Fruit infected; -, Fruit not infected; VR, Virulence; PC, perithecial color.
SMATI-1,red: MATI-1,white: MATI-2,red: MATI-2,white=13:10:12:13. P> (1:1:1:1) is >0.9,
MATI-1,red: MATI-1,white: MATI-2,red: MAT1-2,white=10:13:10:19. P 5> (1:1:1:1) is 0.25<P<0.50.

ing MAT and perithecial color as markers. These
two traits were independently inherited [15,18].
The linkage analysis of the selected ascospores
showed that virulence segregates independently
from either trait.

To confirm the mode of inheritance of such
trait for strain ATCC18099, tetrad analysis was
performed and several sets of eight ascospores
were isolated from asci, but no complete tetrads
(exactly, octads) were obtained due to the failure
of ascospore germination.

Ideally, the eight ascospores representing
mitotic pairs of the four meiotic products are
recovered from each ascus to perform tetrad
analysis in N. haematococca. Such incomplete
asci were included in the analysis if genotypes of
missing ascospores could be deduced to recon-
struct complete tetrad based on the segregation
of MAT and perithecia color genes [15]. Conse-
quently, ten incomplete tetrads with seven ger-
minated ascospores were subjected to analyses.

The results showed that, irrespective of whether
the ascospores were transmitted from female or
male, each of the reconstructed tetrads showed
4:4 segregation of virulence, suggesting Men-
delian inheritance manner. The results of both
MAT and perithecial color showed that segrega-
tion in sexual crosses was normal for the other
chromosomes (Table 3).

So far, only a few studies have applied a ge-
netic approach to identify virulence factors. Sev-
eral cases about involvement of only a limited
number of loci for virulence have been reported.
In the barley pathogen Cochliobolus sativus,
studies indicate a single locus controlling viru-
lence on a particular cultivar [19] and virulence
of the apple scab causing pathogen Venturia
inaequalis has been shown to be controlled by
a single major locus [20], that has its gene-for-
gene counterpart in the apple host [21]. In Phy-
tophthora infectans, six loci were identified as
possible virulence factors [22].
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Table 3. Unordered tetrad results for the segregation of virulence towards non-injured fruits, MAT and

perithecial color gene

ATCC18099XATCC18098 ATCC18098XATCC18099
. Ascospore . Ascospores
Ascus  Trait .~ Ascus  Trait

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
VR - - -+ o+ o+ VR + + + + - - -
A MAT 112 2 11 2 2 F MAT 1 1 1 1 2 2 2 2
PC W WR R RR WW PC WWR R WWR R
VR + + + + - - -7 VR - - -+ o+ o+
B MAT 11 2 2 2 2 1 1 G MAT 2 2 1 1 2 2 1 1
PC R R R R WW W W PC WW W WwW R R R R
VR + + 4+ " - - - - VR + + + 7 - - - -
C MAT 1 1 2 2 2 1 1 H MAT 2 2 2 2 1 1 1 1
PC W WR R WW R R PC WWR R RR WW
VR + + + + - "o VR - - -+ o+ o+
D MAT 1 1 1 2 2 1 1 2 I MAT 2 2 2 2 1 1 1 1
PC W WR R RR WW PC WWR R WWR R
VR + + + 4+ - - - VR + + 4+ +7 - - - -
E MAT 2 2 2 2 11 1 1 J MAT 11 2 2 2 2 1 1
PC R R W W RR W W PC WWR R RR WW

(™): missing ascospore progeny; +, - :
perithecial color.

The results obtained here, the difference in
virulence for the same strain on different plant
tissues, support the previous report in N. haema-
tococca MPI that several loci for pathogenicity
are present [14], and also in agreement with the
results obtained by analyzing a progeny popula-
tion of Gibberella zeae that causes head blight
of wheat which suggested that only few loci for
pathogenicity and aggressiveness segregate in
the progeny [23].

Moreover, results showed that virulence trait
in the genome of the studied strains, unlike some
reports that it is maternally inherited [3], was
independently segregated and wasn’t correlated
with either matting or perithecia color genes.

In conclusion, this study suggests that patho-
genicity in Nectria haematococca MPI is con-
trolled by more than one locus in the genome
thus the variation in virulence between the two
strains and this trait is dependently inherited
through meiosis. Also, virulence inheritance is
not related neither to matting genes nor the peri-
thecial color genes.
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