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Abstract
The cosmopolitan Phoma genus contains mainly phytopathogenic, opportunistic parasite, and 

saprophyte fungal species. The currently applied classification is based on morphological characters. 
In this study, a preliminary classification for six taxa of Phoma were constructed, viz. P. exigua var. 
linicola, P. pinodella, P. eupyrena, P. herbarum, P. foveata, and P. destructiva, based on DNA 
sequence data of translation elongation factor1 subunit � (EF1�= tef1). The six Phoma species were 
compared to two species of the closely related Ascochyta genus, and was divided into two clades. The 
phylogenetic tree based on tef1 sequences does not support the traditional Phoma sections set up by 
morphological characters.

Key words: Phoma exigua, Phoma pinodella, Phoma eupyrena, Phoma herbarum, Phoma faveata, 
Phoma destructiva, marker

INTRODUCTION

Phoma is a cosmopolitan genus of coelomycetous fungi. Many species 
have been reported from wide range of hosts, substrates, particularly as 
pathogens from plants, as well as soil-borne but predominantly saprophytic and 
opportunistic species have also been isolated. Almost 2000 Phoma species have 
been reported throughout the world till now (Boerema et al., 2004). 

There are several ways in the traditional and modern mycology to 
contribute to taxonomical studies of fungi including morphology, 
biochemistry, nucleic acid sequences and many others. 

The three most commonly discussed species concepts are Morphological 
Species Concept, Biological Species Concept, and Phylogenetic Species 
Concept. Since the beginning of mycology, studies of species concept in 
fungi have been mainly based on morphological elements. The most of the 
species and other taxa of Phoma have so far been determined on the basis of 
morphology on standardized media, and gene sequence analysis was only 
used as a confirmative or distinctive complement. Thus, members of the 
genus are primarily defined by the application of the Morphological Species 
Recognition (MSR). 

The weakness of MSR is that species diagnosed by this often comprise 
more than one species when diagnosed by Biological Species Recognition 
(BSR) or Phylogenetic Species Recognition (PSR). 
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Biological species concept defining species as „…groups of actually or 
potentially interbreeding natural populations which are reproductively 
isolated from other such groups” (Mayr, 1940). BSR acceptable for many 
fungi, where sexual reproduction occurs. But there are also fungal groups, 
where sexual reproduction has never been discovered. Approximately 20% 
of fungi are morphologically asexual and do not produce meiospores 
(Reynolds, 1993). Since strains of Phoma spp. apparently can not be 
crossed, the application of the BSR concept is impracticable. Though, 
despite reproducing asexually, many anamorphic fungi including Phoma
spp. are known to possess a surprisingly high level of genetic variation 
(Khon, 1995; Talhinhas et al., 2002). 

The current advances in biochemical and molecular research have 
provided mycologists with powerful tools that can be used for delineation of 
fungal taxa. The PSR species as „… the smallest aggregation of populations 
with a common lineage that share unique, diagnosable phenotypic 
characters” (Harrington and Rizzo, 1999). According to Taylor et al. (2000)  
seems to be well suited for fungi and likely to become very popular with 
mycologists, because it can be applied equally both to sexual and to asexual 
organisms. Taylor et al. (2000) proposed the genealogical concordance 
phylogenetic species recognition (GCPSR) for species defining, which could 
be an attractive alternative or complement to the morphological species 
concept, but has not been widely applied to Phoma spp. yet. It requires the 
analysis of several unlinked genes and implies that the phylogenetic position 
of a true species is concordant in at least some of them and not be 
contradicted in the others. 

Up to now the characterization of Phoma species have been mostly 
applied on the basis of morphology, phenotype and physiology. Recently, a
work of Boerema et al. entitled Phoma Identification Manual, based on 
morphological studies was published, which contains 223 cultural 
descriptions of specific and intraspecific taxa of Phoma Sacc. (Boerema et 
al., 2004). 

In the middle of 90s, due to the advances in molecular and biochemical 
research of that time molecular markers were identified in Phoma. Some 
isozyme analyses were applied to distinct some morphologically identical 
Phoma species from each other (Kövics, 1995). Protein polymorphisms 
comparing to DNA polymorphisms is unfavorable, because protein 
electrophoresis assays the genotype indirectly, and a high proportion of the 
variation occurs at the DNA level may not be detectable as it does not alter 
the amino acid composition of the protein. Some changes in amino acid 
composition similarly do not change the electrophoretic mobility of the 
protein, and remain undetected, leading to different genotypes being 
assigned to the same allozyme allele. 
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DNA polymorphisms are based on differences in DNA sequences and
have three enormous advantages over protein polymorphisms. The first is,
that the sequence difference is detected directly. The second advantage is 
that they occur in a genome at very high frequency and finally they are not 
subject to selection pressure, in case they do not affect the phenotype. But 
morphological characterization besides molecular tools will remain a basic 
and powerful key in the identification of Phoma species.

One of the most commonly used molecular techniques for assessing 
phylogenetic relationships is to use the sequences of certain fungal DNA 
regions. Phylogenetic sequence comparisons concentrate on a comparison of 
the coding portions of the ribosomal genes and their RNA products, 
allowing discrimination at different taxonomic levels. Many phylogenetic 
works are based on the internally transcribed spacers (ITS), which one of 
the most widely used molecular markers due to their highly variability in 
nucleotid sequences. However, in Phomas, the ITS sequence analyses have 
not been showed significant nucleotide differences to infer relationships 
(Balmas et al., 2004). Because of it, there is a consequent trend toward 
inclusion of other gene loci in the data sets, gathered for phylogenetic 
analysis. Among these genes, the translation elongation factor has been 
found useful for investigating relationships between fungi at all levels 
(Roger et al., 1999).

In this study we have obtained DNA sequences from translation 
elongation factor to resolve phylogenetic relationships among several 
Phoma species, formerly considered to closely related species. 

Translation elongation factor 1 subunit alpha (EF1α=tef1) is part of the 
cytosolic EF1 complex whose primary function is to promote the binding of 
aminoacyl-tRNA to the ribosome in a GTP-dependent process (Moldave, 
1985). It is an essential component of the protein synthesis process in 
eukaryotes and archeabacteria. Complexed with GTP it carries the 
aminoacyl-tRNA to the A site of the ribosome-mRNA–peptidyl-tRNA 
complex; upon hydrolysis of GTP it leaves the ribosome as EF-1α-GDP.

Simultaneously, elongation factor 1α (EF-1α) is a highly conserved 
ubiquitous protein that has been suggested to have desirable properties for 
phylogenetic inference (Roger et al., 1999). EF-1α is well suited for 
determining phylogenetic relationships due to its universal occurrence and 
presence typically as a single copy within the genome. (Baldauf and 
Doolittle, 1997). It has been proven to be a useful gene to resolve 
phylogenetic relationships at species level as well as in deeper divergences 
where amino acid substitutions provide phylogenetic resolution. 

In this study, we employed EF-1α as a potential phylogenetic markers to 
infer phylogenetic relationships among different Phoma taxa using 
nucleotide characters obtained by sequencing a part of the EF-1α gene, 
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containing both introns and exons. The only disadvantage of using EF-1α is 
being much shorter than other markers (Fig. 1). However combined gene 
genealogical studies have proven to be highly efficient in identification of 
phylogenetic species (Taylor et al., 2000), and can also be useful to delimit 
the Phoma species of the present study. The gene itself exceeds 2kb in 
length, and consisted of several relatively large and variable exons and 
introns.

MATERIALS AND METHODS

The following six different Phoma species isolated from infected plants 
were obtained from the culture collection of our departement: Phoma exigua 
var. linicola, P. eupyrena, P. destructor, P. medicaginis, P. foveta, and P.
herbarum. All isolates were identified morphologically according to 
Boerama et al. (2004) based on physiological and morphological 
characteristics. Three more translation elongation factor partial DNA of 
Ascochyta (Ascochyta Georgia 12 [DQ386496], Ascochyta pisi strain AP2 
[DQ386494]) and Phoma (Phoma pinodella CBS 318. 90 [AY831542]) 
species were downloaded from GenBank maintained by the NCBI.

Total Genomic DNA from each of the six isolates were extracted from 
freeze-dried mycelium and isolated using the E.Z.N.A.TM Fungal DNA 
Isolation Kit (Omega Bio-tek, Inc., USA) as following the manufacture 
instructions. A 250–260 bp fraction of the EF-1α gene was amplified with 
the help of two primers (EF1-728F and EF1-986R, Druzhinina and Kubicek, 
2005). The phylogenetic analysis was conducted with PAUP*4.0b 
(Swofford, 2002). 

RESULTS AND DISCUSSIONS
Seven different Phoma and two Ascochyta strains were compared in this 

study. The morphological identification of the isolates was done following 
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the descriptions of Boerama et al. (2004). The obtained results indicated that 
the microscopical and cultural characteristics of the concerned Phoma
strains fit the identity of Phoma exigua var. linicola, P. eupyrena, P.
destructor, P. medicaginis, P. foveta, and P. herbarum. Sequence data of the 
protein coding translation elongation factor 1 subunit  (EF1= tef1) was 
acquired for the seven Phoma strains in this preliminary experiment. One 
sequence from Phoma pinodella was obtained from the gene bank (CBS 
318. 90, accession number: AY831542, from GenBank maintained by the 
NCBI). Two Ascochyta tef1 sequences were applied as an outgroup for the 
sequence analysis (accession number: DQ386494 and DQ386496). 

A single product of approximately 250 to 260 bp was obtained from all 
the PCR amplifications with primers EF1-728F and EF1-986R for each of 
the 6 tested Phoma strains.

The basic sequence matrix consists of 272 sites, of with 150 (55,1%) 
variable characters among the six studied Phoma species. Including the two 
Ascochyta species the examined region (272 bp) contained 116 bp (42,6%) 
identical region with the Phoma sepecies.
The tef1 sequence was chosen for this analysis because it has been shown 
earlier to have desirable properties for phylogenetic inference for different 
fungal species like Trichoderma spp. (Druzhinina and Kubicek, 2005) and 
others (Roger et al., 1999). tef1 sequences of our six Phoma strains and 
three other sequences from sequence data bank were used for the analysis. 
According to the phylogenetic tree based on tef1 sequences (Fig. 2), the 
Phoma species are well separeted from their closely related Ascochyta taxa. 
On the basis of the bootstrap values, the seven Phoma strains could be 
divided into two main groups with 64 and 77% probability. Both of Phoma
main groups compromise two subgroups. Group 1 includes the Phoma 
exigua var. linicola subgroup and the Phoma pinodella subgroup. The later 
one contains two different Phoma pinodella species: one’s sequence 
originates from the GenBank (CBS 318.90) and the other’s is own isolates. 
The support for the P. pinodella subgroup to be one clade is 100%
(indicated by the bootstrap analysis). The Phoma eupyrena also associates 
with this P. pinodella subgroup with a bootstrap value 100%, which means
that the two species can not be distinguished on the basis of tef sequence. 
Group 2 includes the Phoma herbarum subgroup and the Phoma foveata
associated with Phoma destructiva subgroup. 

Within the Phoma genus the P. exigua var. linicola, P. pinodella and P. 
foveata belong to the section Phyllostictoides, while the P. eupyrena, P. 
herbarum and P. destructor belong to the section Phoma based on 
morphology. The phylogenetic tree based on tef sequences (Fig. 2) does not 
support the traditional Phoma sections based on morphological 
characterization as P. exigua var. linicola, P. pinodella and P. eupyrena
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belong to one clade, while P. herbarum, P. foveata and P. destructive
belong to the other clade. 

Further investigations would be necessary to clarify whether the tef1 
gene sequence as phylogenetic molecular marker is well suited for the 
classification of Phoma species. 
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Abstract


The cosmopolitan Phoma genus contains mainly phytopathogenic, opportunistic parasite, and saprophyte fungal species. The currently applied classification is based on morphological characters. In this study, a preliminary classification for six taxa of Phoma were constructed, viz. P. exigua var. linicola, P. pinodella, P. eupyrena, P. herbarum, P. foveata, and P. destructiva, based on DNA sequence data of translation elongation factor1 subunit  (EF1= tef1). The six Phoma species were compared to two species of the closely related Ascochyta genus, and was divided into two clades. The phylogenetic tree based on tef1 sequences does not support the traditional Phoma sections set up by morphological characters.
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Introduction

Phoma is a cosmopolitan genus of coelomycetous fungi. Many species have been reported from wide range of hosts, substrates, particularly as pathogens from plants, as well as soil-borne but predominantly saprophytic and opportunistic species have also been isolated. Almost 2000 Phoma species have been reported throughout the world till now (Boerema et al., 2004). 

There are several ways in the traditional and modern mycology to contribute to taxonomical studies of fungi including morphology, biochemistry, nucleic acid sequences and many others. 

The three most commonly discussed species concepts are Morphological Species Concept, Biological Species Concept, and Phylogenetic Species Concept. Since the beginning of mycology, studies of species concept in fungi have been mainly based on morphological elements. The most of the species and other taxa of Phoma have so far been determined on the basis of morphology on standardized media, and gene sequence analysis was only used as a confirmative or distinctive complement. Thus, members of the genus are primarily defined by the application of the Morphological Species Recognition (MSR). 

The weakness of MSR is that species diagnosed by this often comprise more than one species when diagnosed by Biological Species Recognition (BSR) or Phylogenetic Species Recognition (PSR). 

Biological species concept defining species as „…groups of actually or potentially interbreeding natural populations which are reproductively isolated from other such groups” (Mayr, 1940). BSR acceptable for many fungi, where sexual reproduction occurs. But there are also fungal groups, where sexual reproduction has never been discovered. Approximately 20% of fungi are morphologically asexual and do not produce meiospores (Reynolds, 1993). Since strains of Phoma spp. apparently can not be crossed, the application of the BSR concept is impracticable. Though, despite reproducing asexually, many anamorphic fungi including Phoma spp. are known to possess a surprisingly high level of genetic variation (Khon, 1995; Talhinhas et al., 2002). 

The current advances in biochemical and molecular research have provided mycologists with powerful tools that can be used for delineation of fungal taxa. The PSR species as „… the smallest aggregation of populations with a common lineage that share unique, diagnosable phenotypic characters” (Harrington and Rizzo, 1999). According to Taylor et al. (2000)  seems to be well suited for fungi and likely to become very popular with mycologists, because it can be applied equally both to sexual and to asexual organisms. Taylor et al. (2000) proposed the genealogical concordance phylogenetic species recognition (GCPSR) for species defining, which could be an attractive alternative or complement to the morphological species concept, but has not been widely applied to Phoma spp. yet. It requires the analysis of several unlinked genes and implies that the phylogenetic position of a true species is concordant in at least some of them and not be contradicted in the others. 


Up to now the characterization of Phoma species have been mostly applied on the basis of morphology, phenotype and physiology. Recently, a work of Boerema et al. entitled Phoma Identification Manual, based on morphological studies was published, which contains 223 cultural descriptions of specific and intraspecific taxa of Phoma Sacc. (Boerema et al., 2004). 

In the middle of 90s, due to the advances in molecular and biochemical research of that time molecular markers were identified in Phoma. Some isozyme analyses were applied to distinct some morphologically identical Phoma species from each other (Kövics, 1995). Protein polymorphisms comparing to DNA polymorphisms is unfavorable, because protein electrophoresis assays the genotype indirectly, and a high proportion of the variation occurs at the DNA level may not be detectable as it does not alter the amino acid composition of the protein. Some changes in amino acid composition similarly do not change the electrophoretic mobility of the protein, and remain undetected, leading to different genotypes being assigned to the same allozyme allele. 


DNA polymorphisms are based on differences in DNA sequences and have three enormous advantages over protein polymorphisms. The first is, that the sequence difference is detected directly. The second advantage is that they occur in a genome at very high frequency and finally they are not subject to selection pressure, in case they do not affect the phenotype. But morphological characterization besides molecular tools will remain a basic and powerful key in the identification of Phoma species.


One of the most commonly used molecular techniques for assessing phylogenetic relationships is to use the sequences of certain fungal DNA regions. Phylogenetic sequence comparisons concentrate on a comparison of the coding portions of the ribosomal genes and their RNA products, allowing discrimination at different taxonomic levels. Many phylogenetic works are based on the internally transcribed spacers (ITS), which one of the most widely used molecular markers due to their highly variability in nucleotid sequences. However, in Phomas, the ITS sequence analyses have not been showed significant nucleotide differences to infer relationships (Balmas et al., 2004). Because of it, there is a consequent trend toward inclusion of other gene loci in the data sets, gathered for phylogenetic analysis. Among these genes, the translation elongation factor has been found useful for investigating relationships between fungi at all levels (Roger et al., 1999).


In this study we have obtained DNA sequences from translation elongation factor to resolve phylogenetic relationships among several Phoma species, formerly considered to closely related species. 


Translation elongation factor 1 subunit alpha (EF1α=tef1) is part of the cytosolic EF1 complex whose primary function is to promote the binding of aminoacyl-tRNA to the ribosome in a GTP-dependent process (Moldave, 1985). It is an essential component of the protein synthesis process in eukaryotes and archeabacteria. Complexed with GTP it carries the aminoacyl-tRNA to the A site of the ribosome-mRNA–peptidyl-tRNA complex; upon hydrolysis of GTP it leaves the ribosome as EF-1α-GDP.


Simultaneously, elongation factor 1α (EF-1α) is a highly conserved ubiquitous protein that has been suggested to have desirable properties for phylogenetic inference (Roger et al., 1999). EF-1α is well suited for determining phylogenetic relationships due to its universal occurrence and presence typically as a single copy within the genome. (Baldauf and Doolittle, 1997). It has been proven to be a useful gene to resolve phylogenetic relationships at species level as well as in deeper divergences where amino acid substitutions provide phylogenetic resolution. 


In this study, we employed EF-1α as a potential phylogenetic markers to infer phylogenetic relationships among different Phoma taxa using nucleotide characters obtained by sequencing a part of the EF-1α gene, containing both introns and exons. The only disadvantage of using EF-1α is being much shorter than other markers (Fig. 1). However combined gene genealogical studies have proven to be highly efficient in identification of phylogenetic species (Taylor et al., 2000), and can also be useful to delimit the Phoma species of the present study. The gene itself exceeds 2kb in length, and consisted of several relatively large and variable exons and introns.
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Materials and methods

The following six different Phoma species isolated from infected plants were obtained from the culture collection of our departement: Phoma exigua var. linicola, P. eupyrena, P. destructor, P. medicaginis, P. foveta, and P. herbarum. All isolates were identified morphologically according to Boerama et al. (2004) based on physiological and morphological characteristics. Three more translation elongation factor partial DNA of Ascochyta (Ascochyta Georgia 12 [DQ386496], Ascochyta pisi strain AP2 [DQ386494]) and Phoma (Phoma pinodella CBS 318. 90 [AY831542]) species were downloaded from GenBank maintained by the NCBI.


Total Genomic DNA from each of the six isolates were extracted from freeze-dried mycelium and isolated using the E.Z.N.A.TM Fungal DNA Isolation Kit (Omega Bio-tek, Inc., USA) as following the manufacture instructions. A 250–260 bp fraction of the EF-1α gene was amplified with the help of two primers (EF1-728F and EF1-986R, Druzhinina and Kubicek, 2005). The phylogenetic analysis was conducted with PAUP*4.0b (Swofford, 2002). 

Results and discussions


Seven different Phoma and two Ascochyta strains were compared in this study. The morphological identification of the isolates was done following the descriptions of Boerama et al. (2004). The obtained results indicated that the microscopical and cultural characteristics of the concerned Phoma strains fit the identity of Phoma exigua var. linicola, P. eupyrena, P. destructor, P. medicaginis, P. foveta, and P. herbarum. Sequence data of the protein coding translation elongation factor 1 subunit  (EF1= tef1) was acquired for the seven Phoma strains in this preliminary experiment. One sequence from Phoma pinodella was obtained from the gene bank (CBS 318. 90, accession number: AY831542, from GenBank maintained by the NCBI). Two Ascochyta tef1 sequences were applied as an outgroup for the sequence analysis (accession number: DQ386494 and DQ386496). 


A single product of approximately 250 to 260 bp was obtained from all the PCR amplifications with primers EF1-728F and EF1-986R for each of the 6 tested Phoma strains.


The basic sequence matrix consists of 272 sites, of with 150 (55,1%) variable characters among the six studied Phoma species. Including the two Ascochyta species the examined region (272 bp) contained 116 bp (42,6%) identical region with the Phoma sepecies.


The tef1 sequence was chosen for this analysis because it has been shown earlier to have desirable properties for phylogenetic inference for different fungal species like Trichoderma spp. (Druzhinina and Kubicek, 2005) and others (Roger et al., 1999). tef1 sequences of our six Phoma strains and three other sequences from sequence data bank were used for the analysis. According to the phylogenetic tree based on tef1 sequences (Fig. 2), the Phoma species are well separeted from their closely related Ascochyta taxa. On the basis of the bootstrap values, the seven Phoma strains could be divided into two main groups with 64 and 77% probability. Both of Phoma main groups compromise two subgroups. Group 1 includes the Phoma exigua var. linicola subgroup and the Phoma pinodella subgroup. The later one contains two different Phoma pinodella species: one’s sequence originates from the GenBank (CBS 318.90) and the other’s is own isolates. The support for the P. pinodella subgroup to be one clade is 100% (indicated by the bootstrap analysis). The Phoma eupyrena also associates with this P. pinodella subgroup with a bootstrap value 100%, which means that the two species can not be distinguished on the basis of tef sequence. Group 2 includes the Phoma herbarum subgroup and the Phoma foveata associated with Phoma destructiva subgroup. 


Within the Phoma genus the P. exigua var. linicola, P. pinodella and P. foveata belong to the section Phyllostictoides, while the P. eupyrena, P. herbarum and P. destructor belong to the section Phoma based on morphology. The phylogenetic tree based on tef sequences (Fig. 2) does not support the traditional Phoma sections based on morphological characterization as P. exigua var. linicola, P. pinodella and P. eupyrena belong to one clade, while P. herbarum, P. foveata and P. destructive belong to the other clade. 


Further investigations would be necessary to clarify whether the tef1 gene sequence as phylogenetic molecular marker is well suited for the classification of Phoma species. 
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Figure 1. Schematic structure of zef1 gene of Phoma spp. and location of primers
used to amplify different parts of it for phylogenetic inferences
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Figure 2. Phylogenetic relationships of 7 of Phoma strains and 2 of Ascochyta spp. inferred by the parsimony analysis of tef1 sequences. The tree was obtained from analysis by the parsimony method using the PAUP*4.0b program. The numbers above the lines represent the bootstrap (bootstrap=1000) values
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