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ABSTRACT

Ueng, P. P., Arseniuk, E., Cunfer, B. M., and Song, Q. J. 2003. Transposition and aggressiveness in a
Phaeosphaeria nodorum sexual cross. Plant Pathol. Bull. 12:149-156.

Genetic segregation of aggressiveness, anonymous molecular markers and transposon DNA probes in a
Phaeosphaeria nodorum sexual cross was studied. The progeny of a P. nodorum isolate with high
aggressiveness to wheat (Sn26-1) and a Phaeosphaeria sp. from rye (Sn48-1) was evaluated. The magnitude
of aggressiveness to cereals caused by two cross parents and their progeny was triticale > wheat > rye.
Different levels of aggressiveness were detected in the progeny. Progeny 64-3 and 64-5 had equal or higher
aggressiveness than two parental isolates. Low or no aggressiveness in the progeny 64-1, 64-2, and 64-4 was
due to low or no sporulation in these cultures. Using RFLP fingerprinting with anonymous molecular
markers and transposon DNA probes, six segregation patterns were found in the progeny, and the
segregation occurred in both meiotic divisions during ascospore formation. Several asymmetric transposon-
tagged bands were detected in the progeny with low aggressiveness and low sporulation. The possible
association of transposon-tagged bands with pathological characters is discussed.

Key words : aggressiveness, molecular markers, Phaeosphaeria spp., RFLP, rye, Stagonospora nodorum,
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INTRODUCTION

The fungus Phaeosphaeria nodorum (E. )
Hedjaroude (anamorph Stagonospora nodorum (Berk.)
Castellani & E. G. Germano) is a foliar and glume pathogen
of wheat (Triticum aestivum L.) as well as other cereals and
grasses (23,45). Isolates of P. nodorum with different levels of
aggressiveness on various host plants have been reported
(2,40,41,44). Sexuality in fungi is proposed to be responsible for
the prevalence of gene flow in the field population and
potential evolution of new, highly aggressive isolates
(4,6,18,24,28). Recently, segregation of biological and pathological
characters in an ascospore progeny has been reported (15). In
the previous work, PCR-based amplifications were used to
analyze the segregation and recombination of numerous
anonymous fragments in the sexual progeny of P. nodorum
and P. avenaria f. sp. triticea (8). No conclusions were made
on the genes responsible for aggressiveness in P. nodorum.

Transposons are ubiquitous mobile segments of DNA
that possess the ability to integrate, exit and reintegrate

throughout the genome. The active movement of transposons
can change gene expression, alter gene sequence, increase
gene copy numbers, cause chromosome rearrangements and
result in phenotypic instability (9,19,22,30). Transposons have
been used for studies of genetic segregation, diagnosis, gene
tagging, evolution, and phylogenetic and population analyses
of many fungal species (5,12,13,17,21,35,36). Transposon impala
from Fusarium oxysporum is able to transpose in other fungi,
such as Penicillium griseoroseum and Magnaporthe grisea
(11,49). A new transposon-arrayed gene knockout system
(TAGKO) has been used to investigate the amino acid
oxidation pathway in the rice blast fungus (Magnaporthe
grisea) and cereal Septoria leaf blotch pathogen
(Mycosphaerella graminicola) (1,16). Transposons have been
divided into two main groups. Class I elements are
retrotransposons that use a reverse transcriptase and move via
a RNA intermediate. Class II elements are transposons with
inverted terminal repeat (ITR) and use a transposase to move
as a DNA element (13). Both groups of fungal transposons
have been identified in fungi using DNA fingerprinting of



cloned dispersed repetitive sequences (14,50). Many other
transposons, like Fot1 (Fusarium oxysporum), Vader
(Aspergillus niger var. awamori), Flipper (Botrytis cinerea)
and Restless (Tolypocladium inflatum), have been isolated as
DNA fragments trapped into negatively selective genes
involving nitrogen metabolism (3,10,20,25). With this trapping
approach, a class I retrotransposon, Elsa, and two class II ITR
transposons, Molly and Pixie, have been isolated from
spontaneous mutants of P. nodorum defective in the nitrate
reductase (NIA1) gene (7,33,34). The ascospores derived from a
single ascus in the previous work (8) were used to study
segregation and mobility of these transposon-tagged DNA
fragments and their relation to aggressiveness in P. nodorum.
Several new transposon-tagged bands were detected in low
aggressive ascospore-derived cultures.

MATERIALS AND METHODS

Inoculation test

Eight P. nodorum ascospore-derived cultures from an
ordered tetrad numbered sequentially (64-1 to -8) and two
cross parents, Sn26-1 and Sn48-1, were used in this study (8)

(Table 1). The wheat P. nodorum isolate, Sn26-1 with MAT1-2
mating-type gene, was highly aggressive to wheat. The
Phaeosphaeria sp. from rye, Sn48-1 with MAT1-1 mating-
type gene, was particularly aggressive to some rye cultivars
(unpublished data). In comparison to wheat biotype P.
nodorum isolates, the Phaeosphaeria sp. from rye (Sn48-1)
contains a 4 nucleotide difference in the conserved -box
sequence of MAT1-1 gene and 6 nucleotide substitutions in a
ribosomal DNA internal transcribed spacer (ITS) region
(GenBank accession numbers AY072933, U77362, AF322008
and AF321323). Two less aggressive P. nodorum isolates,
9074 and 9076, were used as controls (24). Two moderately
susceptible cultivars of wheat (Triticum aestivum) (LSU90518

and Pioneer2684), triticale (x Triticosecale Wittmack)
(Florida201 and Sunland), and rye (Secale cereale) (Wrens96
and Wrens Abruzzi) were inoculated to determine pathogen
aggressiveness. Six five- leaf seedlings in each pot were
grown in a growth chamber controlled with 22/13 day/night
temperatures, and a 16 h photoperiod with 21 klux light
intensity. The P. nodorum inocula were prepared by growing
cultures on V-8 Czapek-Dox agar at 18 under continuous
cool white fluorescent light for 10-14 days. Pycnidiospores
were suspended in sterile deionized water and filtered through
sterile cheesecloth to remove mycelial fragments. The spore
concentration was adjusted with the aid of a haemocytometer.
A drop of Tween 20 was added to 50 ml inoculum as a
surfactant prior to inoculation. The seedlings in each pot were
sprayed with 3 ml of the pycnidiospore suspension (3 x 106

spores/ml). The plants were maintained in a high humidity
environment for 72 h after inoculations. Fourteen days after
inoculation, the fifth leaves were assessed for percentage of
necrosis and scored using a 0-9 (resistant to susceptible) scale
(37). The inoculation test was repeated four times. Variance
was analyzed with SAS PROC GLM procedure (39).

DNA isolation and analyses

Growth of fungal cultures in a liquid medium and
isolation of genomic DNA were performed essentially
following the procedures described by Ueng (46). Thirty-eight
anonymous probes showing polymorphism in P. nodorum
(SNWEs 1, 6, 16, 22, 35, 40, 43, 45, 48, 57, 60, 67, 74, 76,
78, 85, 92, 101, 119, 131, 152, 153, 161, 167, 171, 203, 210,
211, pSNS4, pSNLs13, 15, and pJSNs 3, 4, 27, 35, 42, 73,
121) were used for restriction fragment length polymorphism
(RFLP) fingerprinting (28,46,47,48). Genomic DNA (10 g) from
five P. nodorum isolates, two cross parents and eight
ascospore-derived progeny was digested using 50 U EcoRI
endonuclease enzyme at 37 overnight (Table 1). Gel
resolution, membrane blotting, and hybridization with 32P-
labeled probes were as previously described. (46). Cluster
analysis was performed using the NTSYS-pc program,
version 2.0 (Exeter Software, E. Setauket, NY).

For transposon fingerprinting, three partial transposon
sequences identified from the wheat-biotype P. nodorum
isolates were used as DNA probes (33,34). The DNA fragments
with 2,290 bp (ClaI/SacI cuts) from pELSA-1 (GenBank
accession number AJ277966), 1,522 bp (XhoI/AccI cuts) from
pMOLLY-2 (GenBank accession number AJ488502), and 663
bp from pPIXIE-5 (nucleotide #314-#977) (GenBank
accession number AJ488503) were isolated. Genomic DNA
(20 g) from 2 cross parents and 8 ascospore-derived progeny
was digested using 85 U ScaI endonuclease enzyme at 37
overnight. Based on the sequence data, these three P.
nodorum transposons do not contain an endonuclease site
digested by this enzyme. Gel resolution, membrane blotting,
and hybridization with 32P-labeled probes were as previously
described (38,46).
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Table 1. Isolates of Phaeosphaeria nodurum used for genetic
and pathogenic study

Isolates Original hosts Geographic location Mating-type gene

Sn26-1 Winter wheat Rzeszow, Poland MAT1-2
Sn48-1 Winter rye Boleslawiec, Poland MAT1-1
64-1 to 64-8 1

9074 2 Wheat Gallatin, MT, USA MAT1-2
9076 2 Wheat Richland, MT, USA MAT1-2
Sn27-1 3 Winter wheat Sieradz, Poland MAT1-1
Sn37-1 3 Winter wheat Szelejewo, Poland MAT1-2
Sn39-1 3 Winter wheat Byszewy, Poland MAT1-1
S-80-301 3 Triticale Williamson, GA, USA MAT1-2
S-74-20A 3 Wheat Griffin, GA, USA MAT1-1
1. Progeny from a single ascus in a Sn26-1 x Sn48-1 cross
2. Isolates used for inoculation test only
3. Isolates used for cluster analysis only



RESULTS

Inoculation test

Based on analyses of variance (ANOVA), a significant
difference in host plant susceptibility, pathogen aggressiveness
and pathogen-plant interaction was found. With two cultivars
of each cereal used in this study, the magnitude of
aggressiveness caused by 9074, 9076, Sn26-1, Sn48-1 and
seven ascospores was triticale (3.63) > wheat (2.79) > rye
(1.83). Within ascospore-derived progeny, 64-3 and 64-5 were
similar in aggressiveness to the two respective parental
isolates, Sn26-1 and Sn48-1 (Table 2). In particular, 64-5 had
a high aggressiveness on three cereals (wheat, triticale and
rye) tested. Three cultures, 64-6, 64-7 and 64-8, were less
aggressive than two parental isolates. Control isolates, 9074
and 9076, were less aggressive than all of the above. The low
disease severity exhibited by cultures 64-2 and 64-4 was a
result of poor pycnidiospore production in the inocula, only
103 - 104 pycnidiospores per ml could be used for inoculation
sprays. Apparently culture 64-1 lost the ability to sporulate
after subculturing. Even with repeated attempts by inoculating
and isolating from wheat leaves, 64-1 did not sporulate on the
culture media and no infection data could be obtained. 

RFLP fingerprinting

Most of the anonymous P. nodorum DNA probes
produced 1-3 RFLP bands in DNA hybridization assays.
Eight probes, namely SNWEs 45, 167, 203, 210 and pJSNs 3,
4, 35, 73, showed multiple banding patterns. Of the 38
anonymous probes used, only six (SNWEs 57, 92, 131, 171
and pJSN 27, 42) gave the same RFLP fingerprint patterns in
the two cross parents, Sn26-1 and Sn-48-1. With 16 probes
(SNWEs 6, 16, 22, 35, 43, 45, 48, 60, 74, 119, 167, 203, 211,
pSNL15, and pJSNs 35, 121), 28 unique RFLP banding
patterns not seen in six wheat-biotype P. nodorum isolates
were detected in Sn48-1 (Fig. 1). In cluster analysis, the
similarity between six P. nodorum isolates and Sn48-1 was
0.425 indicating their genetic relatedness is not close (Fig. 2).
Eight ascospore progeny derived from a single ascus in the
cross Sn26-1 x Sn48-1 could be grouped into four subsets,
and each subset was composed of two adjacent ascospores
with highly genetic similarity, excepting 64-5/64-6 twin
ascospores (Fig. 3). Bands were found to be absent in RFLP
pattern of 64-6 using the five DNA probes, SNWEs 6, 45,
167, 203 and pJSN4, as compared with 64-5. Segregation of
anonymous DNA probes in eight ascospores followed a
Mendelian frequency of 4:4, and was grouped to six patterns
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Table 2. Comparison of aggressiveness toward wheat, triticale, and rye by Phaeosphaeria nodorum isolates Sn26-1, Sn48-1 and
their derived progeny

Isolate
Wheat Triticale Rye All

Pioneer2684 LSU90518 Florida201 Sunland Wrens Abruzzi Wrens96

9074 1.6 b-e 0.9 e 1.0 e 0.6 g 0.5 d 0.5 d 0.8 d
9076 2.8 a-d 3.0 bc 3.1 cd 1.8 efg 1.5 bcd 1.0 d 2.0 c
Sn26-1 4.1 a 5.1 a 5.4 ab 5.4 ab 2.4 abc 2.5 abc 4.2 a
Sn48-1 1.9 b-e 5.0 a 6.4 a 4.4 abc 2.9 ab 3.6 a 4.0 a
64-1 ---- ---- ---- ---- ---- ---- ----
64-2 0.4 e 1.1 de 0.7 e 0.7 fg 0.4 d 0.5 d 0.7 d
64-3 3.6 ab 4.6 ab 5.8 ab 5.9 a 2.8 abc 2.8 ab 4.3 a
64-4 0.9 de 0.9 e 1.2 de 2.4 def 1.7 a-d 0.8 d 1.3 d
64-5 4.5 a 4.6 ab 6.0 ab 5.5 a 3.2 a 3.6 a 4.6 a
64-6 3.3 abc 3.3 bc 5.1 abc 3.4 cde 1.7 a-d 2.0 bcd 3.1 b
64-7 2.8 a-d 2.5 cd 4.8 abc 3.8 bcd 1.3 cd 1.2 cd 2.8 bc
64-8 1.3 cde 3.1 bc 4.0 bc 2.4 def 1.8 a-d 1.6 bcd 2.3 bc
Means in columns followed by the same letter are not significantly different according to Duncan's New Multiple Range Test (P=0.05).

Table 3. Segregation of anonymous DNA probes in eight ascospores from a single ascus in a Phaeosphaeria cross, Sn26-1 x Sn48-1

Numbers of bands
Progeny

Meiotic division
1 2 3 4 5 6 7 8

23 b 1 b b b a a a a 1st
10 a a a a b b b b 1st
9 a a b b b b a a 2nd
4 b b a a a a b b 2nd
5 a a b b a a b b 2nd
9 b b a a b b a a 2nd

1. The letters 'a' or 'b' indicated the restriction fragment length polymorphism patterns are the same as the parental isolates, Sn26-1 and
Sn48-1, respectively.



(Table 3). These data suggest that the segregation occurred in
the first and second meiotic division during ascospore
formation.

Based on RFLP fingerprinting, polymorphism in two
cross parents, Sn26-1 and Sn48-1, were identified using
hybridization with three transposon probes (Fig. 4). Four
RFLP bands found in two cross parents were not found in
their progeny. Most of transposon- tagged banding patterns
followed the Mendelian frequency of 4:4 and were similar in
each of four ascospore subsets. These results suggest that
segregation of transposon- tagged fragments occurred in
meiotic divisions. Nevertheless, several new bands in some
progeny were not present in two cross parents. A band with
different size was Elsa-tagged in 64-3, and 64-4, Molly-

tagged in 64-5 and Pixie-tagged in 64-2 and 64-5 (Fig. 4).
Also one Molly-tagged band shown in 64-1 was absent in 64-
2, but two bands were presented in 64-2 with lower mobility
(Fig. 4B). Transposon mobilization might occur during the
cell division and spore formation.

DISCUSSION

With the detached wheat leaf segments assays, a wide
range of aggressiveness and sporulating capability in the P.
nodorum progeny from two sexual crosses were detected (15).
Even though no significant correlation between necrosis and
sporulation on leaf lesions and cultured medium could be
found, the same level of aggressiveness was detected in most
of the ascospore subset cultures (15).  In this study,
aggressiveness toward three different cereals was transferred
to the progeny (Table 2). One of the factors possibly
associated with low aggressiveness seemed to correlate with
the ability to sporulate. One important biological character
affecting P. nodorum aggressiveness is reported to be the
variability of asexual sporulation in fungal cultures (42).
However, the fungal aggressiveness in two individual
ascospore subset cultures (64-3/-4 and 64-5/-6) was
significantly different. An ascospore subset (300.7/.8) from
the cross M300 x A/5 with different sporulating ability was
also observed (15). In an early study by Rapilly et al. (32), the 4
pairs of twin ascospores from a P. nodorum sexual
reproduction identified by cultural characteristics were not
distinguishable based on their aggressiveness. The mechanism
for elaboration of different aggressiveness between twin
ascospores is unknown. Nevertheless, the pycnidiospores
derived from a single ascospore were found to be
heterogeneous (32).

Genetic segregation of anonymous probes determined by
RFLP primarily followed the Mendelian 4:4 frequency and
occurred in two meiotic divisions but seldom in mitosis. Since
the number of probes and ascospores used here was limited,
neither irregular nor aberrant segregation could be identified.
In order to detect the RFLP bands associated with
aggressiveness in the future, more DNA probes and more
progeny from a cross should be analyzed.

The transposon impala is reported to be active in the
asexual stage of Fusarium oxysporum (10), and the pSTL70
probe appears to be mobile in Mycosphaerella graminicola
during both sexual and asexual reproduction (14). Based on
RFLP fingerprinting, many transposon-tagged bands in P.
nodorum progeny segregated in a Mendelian fashion (Figure
4). These integrated transposons apparently were not actively
mobilized during the sexual stage. Loss of mobility can be
explained by the detection of duplicated sequences in the
genome and subsequently silencing with hypermutation and
DNA methylation during the heterokaryon stage (26,27,43).
Nevertheless, the appearance of the asymmetric RFLP bands
in ascospore subset cultures indicates an active movement of
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Fig. 1. Restriction fragment length polymorphism patterns
(RFLP) in Phaeosphaeria nodorum and a rye Phaeosphaeria
sp. Six wheat-biotype P. nodorum isolates (1 = Sn27-1, 2 = S-
74-20A, 3 = S-80-301, 4 = Sn37-1, 5 = 39-1 and 6 = Sn26-1)
and one rye Phaeosphaeria sp. (7 = Sn48-1) were compared
by DNA hybridization using three anonymous DNA probes
(A = SNWE22, B = SNWE35 and C = SNWE167). M
indicates the DNA/HindIII/EcoRI molecular markers in kilo
base pairs (kb).



these transposons during post-meiotic mitosis and/or during
vegetative growth.

It has become possible to clone the genes responsible for
fungal pathogenicity using a transposon as a tag. The ability
of transposons to inactivate genes involved in pathogenicity
has been demonstrated with transposon impala in two
different fungal pathogens. About 3.5% of impala-impaired
revertants of Fusarium oxysporum f. sp. melonis showed
either a no wilt symptom or delayed symptom development
on the host plant (29). In the other research, Magnaporthe
grisea was transformed with impala, and a DNA fragment
containing ORP1 gene from a nonpathogenic mutant (Rev77)
was isolated (49). The identity of this ORP1 gene is unknown
and reported to be essential for host leaf penetration. A
preliminary attempt to isolate genes involved in the P.

nodorum- wheat interaction by transposition was successful
(31). Two pathogenicity genes encoding a peptide transporter
(heterotrimeric G-protein subunit) and a mannitol-1-
phosphate dehydrogenase were reported.

From the results of pathological segregation in sexual
crosses reported by Halama (15), the molecular element (s)
responsible for aggressiveness seems to be polygenic and
difficult to determine in P. nodorum. Two UV-induced
parental strains (M270 and M300) with medium and low
aggressiveness used in the crosses with a highly aggressive
isolate (A/5) were believed to be pleiotropic mutants, and the
genes associated with fungal aggressiveness and sporulation
was unknown (15).

Even though several new transposon-tagged bands were
detected in our study, their correlation with fungal
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Fig. 2. Cluster analysis of six Phaeosphaeria nodorum isolates and the rye Phaeosphaeria sp. based on dice similarity of 60
DNA bands produced by hybridization with 38 anonymous probes.

Fig. 3. Cluster analysis of 8 ascospore-derived progeny (64-1 to -8) and two Phaeosphaeria cross parental isolates (Sn26-1 and
Sn48-1) based on dice similarity of 60 DNA bands produced by hybridization with 38 anonymous probes.



aggressiveness is only a speculation. Low aggressiveness in
64- 2 and 64-4, and high aggressiveness in 64-5 might not be
related to any transposition activity as indicated in RFLP.
Random genetic tagging by active transposons during sexual
cross, asexual production and/or vegetative growth may not
necessarily affirm the changes of fungal aggressiveness. In
order to prove the molecular basis of aggressiveness in fungal
pathogens, the association of attenuating disease severity and
sporulating capability with silencing of a particular gene by
transposon tagging needs to be studied in the future.
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