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 12 

Abstract 13 

The fungal genus Alternaria comprises a large number of asexual taxa with diverse ecological, 14 

morphological and biological modes ranging from saprophytes to plant pathogens. Understanding 15 

the speciation processes affecting asexual fungi is important for estimating biological diversity 16 

which in turn affects plant disease management and quarantine enforcement. This study included 17 

106 isolates of Alternaria representing five phylogenetically defined clades in two sister sub-18 

generic groups; section Porri (A. dauci, A. solani and A. limicola) and section Alternaria (A. 19 

alternata/tenuissima and A. arborescens). Species in section Porri are host-specific while species 20 

in section Alternaria have wider host ranges. For each isolate, DNA sequences of three genes (Alt 21 

a1, ATPase, Calmodulin) were used to estimate phylogenies at the population and species levels. 22 

Three multilocus haplotypes were distinguished among A. dauci isolates and only one haplotype 23 

among A. solani or A. limicola isolates, revealing low or no differentiation within each taxon and 24 

strong clonal structure for taxa in this section. In contrast, 37 multilocus haplotypes were found 25 

mailto:hilalozkilinc@comu.edu.tr


Contrasting two sections of Alternaria 

among A. alternata/tenuissima isolates and 21 multilocus haplotypes among A. arborescens 26 

isolates, revealing much higher genotypic diversity and multiple clonal lineages within taxa, which 27 

is not typical of asexual reproducing lineages. A species tree was inferred using a Yule Speciation 28 

model and a strict molecular clock assumption. Species boundaries were well defined within 29 

section Porri. However, species boundaries within section Alternaria were only partially resolved 30 

with no well-defined species boundaries possibly due to incomplete lineage sorting. Significant 31 

association with host specifity seems a driving force for speciation.  32 

 33 

Key words: Alternaria, phylogenetic species, speciation 34 

 35 

Introduction 36 

The genus Alternaria includes approximately 250 species of fungi that are well known 37 

plant pathogens and/or saprobes found world-wide in many ecosystems (Rotem, 1994). 38 

Within the genus, there exists substantial variation in morphology among species and 39 

groups of species, and early work placed species with common morphological features into 40 

8-10 species-groups to provide sub-generic structure to this large and important genus 41 

(Simmons, 2007; Simmons 1992). Most species-groups are distinct with robust 42 

morphological characters that are diagnostic. However, differences between some groups, 43 

such as the alternaria species-group and the infectoria species-group, have proven difficult 44 

to recognize by non-experts and the species-group concept did not have comprehensive 45 

utility.  Recognition of species within species-groups proved similarly challenging in that 46 

differences in morphological characters among members of some species-groups are 47 

numerous and obvious to most whereas differences in morphological characters among 48 

other species-groups are few and accessible only to experts of the genus. Further 49 
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complicating species recognition, Alternaria spp. exhibit considerable morphological 50 

plasticity that is dependent upon cultural conditions (Simmons, 1992). Thus, 51 

morphological species concepts have had limited utility for this genus. Moreover, since 52 

Alternaria is principally an asexual genus, biological species concepts also have little 53 

utility. Nonetheless, reconstruction of accurate species relationships is important to 54 

develop evolutionary hypothesis related to this economically important genus and to 55 

understand the speciation processes that are in effect.  56 

Development of a molecular-based taxonomic structure for Alternaria has been ongoing 57 

since 2001, and most studies have supported most previously assigned morphology-based 58 

species groups (Peever et al., 2002 and 2004; Pryor & Gilbertson, 2002; Andrew et al., 59 

2009; Lawrence et al., 2012; Rotondo et al., 2012). Most recently, studies have used 60 

molecular systematics based upon 5-8 conserved protein coding genes to provide a more 61 

robust assessment of sub-generic diversity and have elevated the informal distinction of 62 

species-group into the formally recognized taxonomic level of section (Lawrence et al., 63 

2012, Woudenberg et al., 2013). The largest of these sections are the section Alternaria 64 

with approximately 59 well recognized morpho-species and the section Porri with 65 

approximately 117   well recognized morpho-species according to the most recent 66 

publications ((Gannibal 2015 a and b)), both of which contain important plant pathogens.  67 

For example, within section Alternaria, A. alternata, A. tenuissima and A. arborescens are 68 

opportunistic pathogens of numerous hosts causing leaf spots, rots, and blights on many 69 

plant parts. In most cases, species within this section are not host-specific, but cause disease 70 

when environmental conditions are conducive to fungal growth and host infection (Rotem, 71 

1994).  In some cases, species produce host-specific toxins that are determinants of 72 
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pathogenicity on select crops (Friesen et al., 2008).  In contrast, species within section Porri 73 

are nearly all host-specific plant pathogens that do not utilize host-specific toxins for 74 

pathogenicity, but are very destructive on their respective host crops. Different ecological 75 

conditions affect these two sections due to the wider host range, saprophytic and/or 76 

pathogenic life stages and continuum substratum to be colonized in section Alternaria; but 77 

almost always pathogenic life cycle on mostly specialized host in section Porri. 78 

Morphological variation within the section Alternaria is high, yet genetic variation among 79 

species is low. Especially, species delimitation between two morpho-species A alternata 80 

and A. tenuissima were not shown as phylogenetically distinct clusters or species in 81 

different studies (Andrew et al, 2009; Armitage et al., 2015; Ozkilinc et al., unpublished 82 

data). In contrast to section Alternaria, morphological variation within section Porri is low, 83 

yet genetic variation between species is high (Simmons, 2007; Lawrence et al., 2012). Each 84 

section was shown a phylogenetically distinct monophyletic group by using representative 85 

isolate per morpho-species (Lawrence et al., 2012, Pryor & Gilbertson, 2002). Thus, 86 

different morphological, ecological, genetic, and pathogenic characteristics that define 87 

these sections suggest that speciation processes differ between sections. Thus, a 88 

comparison of species diversity and species boundaries between these two sections of 89 

Alternaria may contribute substantially toward understanding the process of diversification 90 

and radiation across a range of ecologically distinct asexual fungal lineages.   91 

Even though most Alternaria spp. lack a sexual stage and can be considered clonal 92 

lineages, genetic variation within most Alternaria species such as A. alternata is still 93 

observed (Andrew et al., 2009; Peever et al., 2002) and A. solani (Lourenco et al., 2009) 94 

has been recovered. Peever et al. (2002) identified three phylogenetically distinct lineages 95 
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within A. alternata isolates from citrus in a worldwide sampling. Andrew et al. (2009) 96 

explored phylogenetic relationships among species in section Alternaria from different 97 

hosts and geographic regions using endoPG and three anonymous regions, but 98 

incongruence among gene trees interfered with consistent phylogenetic resolution. 99 

Recently, Stewart et al. (2014) revealed phylogenetically distinct lineages within the citrus 100 

brown pathogen A. alternata from a worldwide collection of isolates, and Huang et al. 101 

(2014) presented a novel phylogenetic reconstruction for the same pathogen in China. 102 

Louranco et al. (2009) sampled A. solani isolates from tomato and potato to investigate 103 

population genetic structures based on sequencing data of ITS, Alt_a1 and G3PD. Isolates 104 

from potato and tomato were genetically differentiated (Louranco et al., 2009). 105 

Subsequently, A. solani isolates from tomato host were described as A. tomatophyla 106 

(Rodrigues et al., 2010). These studies demonstrate the power of phylogenetic approaches 107 

to explore divergence among populations of fungal plant pathogens that lack a known 108 

sexual stage and show how population genetics and phylogenetic may discover cryptic 109 

species, independently evolving lineages, or recently diverging new species. However, 110 

they also highlight the need to use a diverse sample set and population level sampling to 111 

compare evolutionary patterns and phylogenies among groups of species in question. 112 

The objectives of this study were: (i) to reconstruct phylogenies among selected taxa 113 

within the sections Alternaria and Porri and to estimate species tree, (ii) to reveal 114 

population level diversities within each section and (iii) to investigate host effect on 115 

speciation. Samples from these two sections and data from three coding regions were used 116 

to answer these questions and thus to understand evolutionary patterns of these two distinct 117 
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and important groups, and findings will be used as a template for analysis of the remaining 118 

sections of Alternaria. 119 

 120 

Materials and methods 121 

Isolate sampling, culturing and DNA extraction 122 

One hundred six isolates of Alternaria representing five morphologically defined 123 

species in two sections were used in this study (Table 1). Thirty-five isolates from section 124 

Porri (9 A. solani isolates, 17 A. dauci isolates, 9 A. limicola isolates) and seventy-one 125 

isolates from section Alternaria (43 isolates A. alternata/A. tenuissima, 28 A. arborescens 126 

isolates) (Table 1). A. alternata and A. tenuissima morpho-species were combined as a one 127 

group. A. cineraria in section Sonchi was used an outgroup species.  128 

Fungi were isolated from lesions on living plant tissues and morphological species 129 

identifications were made following standard morphological criteria (Simmons, 2007; 130 

Pryor & Michailides, 2002). Single conidial isolations were performed and cultures were 131 

maintained as single spore colonies stored on filter paper at -20 ºC. Fungi were cultivated 132 

in potato dextrose broth (Difco, USA) for 5-7 days at room temperature on an orbital shaker 133 

at 150 rpm for genomic DNA extraction. Following incubation, cultures were filtered 134 

through sterile filter paper and lyophilized for long term preservation. Genomic DNA was 135 

extracted from powdered, lyophilized mycelium following the methods of Peever et al. 136 

(1999) or using either a Qiagen DNA easy Kit (Qiagen). DNA concentration was quantified 137 

using a Nanodrop1000 (NanoDrop products, Wilmington, DE, USA), diluted to 10 ng per 138 

microliter, and used as template for PCR. 139 

 140 
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PCR and sequencing 141 

Three genes (Allergen alt_a1, ATPase, Calmodulin) were amplified and sequenced for 142 

each isolate. Primers and annealing temperatures for each locus and species are listed in 143 

Table 2. PCR was performed in 15 µL reaction volumes containing 10 ng template DNA, 144 

1 × PCR buffer [20 mM Tris-HCl pH 8.8, 10mM KCl, 10 mM (NH4)2SO4, 2 mM MgSO4, 145 

0.1% Triton X-100] (New England Biolabs, Canada), 0.2 mM dNTPs (New England 146 

Biolabs), 1.5 mM MgCl2, 0.4 µM of each forward and reverse primer and 1 unit of Taq 147 

polymerase (New England Biolabs). Thermal cycling was performed on a MyCycler 148 

thermocycler (Bio-Rad Laboratories, USA) with 5 min denaturation at 95 °C followed by 149 

35 cycles of 20 s at 95 °C, 20 s at 55-62 °C and 30 s at 72 °C, and a final extension step of 150 

10 min at 72 °C. Amplification products were visualized in 2% ethidium bromide-stained 151 

agarose gels and purified following treatment with EXOSAP-IT (USB Corp., Cleveland, 152 

OH). Each isolate was sequenced for each selected locus and in both directions by ELIM 153 

Biopharm Company (Hayward, CA). Sequence data were aligned and edited manually and 154 

using ClustalW implemented in BioEdit v7.0.53 for Windows (Hall, 1999).   155 

 156 

Nucleotide diversity, haplotype assignment and tests for neutrality and 157 

recombination  158 

Following alignment, DnaSP v.5 (Rozas et al., 2003) was used to estimate pairwise 159 

nucleotide diversities, identify unique haplotypes and segregating sites. Neutrality of each 160 

locus was estimated by Tajima’s D (Tajima, 1989) in DnaSP v.5 (Rozas et al., 2003). 161 

Significant departures from neutrality were tested with permutations of 1000 replicates 162 

(Hudson, 1990). The recombination detection program (RDP v3.44) (Martin et al., 2005) 163 
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was used to identify intergenic recombination events using individual gene data and 164 

concatenated data sets. Recombination events were identified using five recombinant 165 

detection algorithms: recombination detection method (RDP), maximum chi-square test 166 

(MAXCHI), maximum mismatch chi-square test (Chimaera), gene conversion 167 

(GENECONV) and 3SEQ methods implemented in RDP software.  168 

 169 

Phylogenetic analyses 170 

Phylogenies were estimated independently for each of the three gene regions using 171 

Maximum Parsimony (MP), Maximum Likelihood (ML) and Bayesian inference. 172 

DT_ModSel (Minin et al., 2003) was used to select the best-fit model of nucleotide 173 

evolution for each dataset. TrNef+G, TrNef+G, HKY+I, TrNef models were selected for 174 

Alt_a1, ATPase, Cal, Endo_PG, respectively. Maximum parsimony (MP) and Maximum 175 

Likelihood analyses were performed in PAUP* ver. 4.0b10 (Swofford, 2002). Gaps were 176 

treated as missing data.  Analyses were conducted using heuristic searches consisting of 177 

1000 stepwise random addition replicates with branch swapping with the tree-bisection-178 

reconnection algorithm.  Branch stability for individual datasets and the concatenated 179 

dataset was evaluated using 1000 bootstrap replications using a heuristic search with 180 

simple sequence addition to produce a majority-rule consensus tree with nodal support 181 

values. Bayesian analyses were performed in MrBayes ver. 3.1.1 (Huelsenbeck & 182 

Ronquist, 2001) and consisted of two independent runs of four chains each for ten million 183 

generations sampling trees every 1000th generation.  Convergence was estimated based on 184 

plots of –lnL values and examination of the standard deviation of split frequencies <0.01. 185 
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The first 5 million generations were discarded as burn-in. Trees were visualized using 186 

Archaeopteryx v.09901 beta (Han & Zmasek, 2009).  187 

 188 

Phylogenetic species tree estimations  189 

A species tree was estimated using Bayesian approaches in *BEAST software which 190 

estimates a species tree by avoiding incomplete lineage sorting. BEAUTi was used to 191 

create XML-formatted input files for *BEAST v1.6.1. Unlinked models were used for each 192 

data set. A Yule process was chosen for species tree prior. Species tree estimations were 193 

performed based on a strict molecular clock assumption. Each dataset was run for 500 194 

million generations in *BEAST with sampling every 50000 generations. The log file was 195 

evaluated in TRACER version 1.6. Summarized maximum clade credibility tree from 196 

estimated species trees was calculated using TreeAnnotator version 1.7.2. with a burn-in 197 

of 10% of trees. FigTree version 1.4.2. was used to visualize the consensus tree node ages, 198 

branch lengths and posterior probabilities.  199 

 200 

Statistical analysis  201 

Chi square tests were used to evaluate the association between host of isolation and 202 

genetic lineage. Genetic distances were estimated with Neighbor-Joining (NJ) Tree in 203 

PAUP 4b (Swofford, 2003), and rooted with A. cineriae as the outgroup using a bootstrap 204 

test of 1000 replication for a concatenated data set of three genes. Highly supported clusters 205 

which are supported with higher 70% bootstrap values based on NJ were identified and 206 

association between host source and genetic cluster were tested. Analyses were performed 207 

using JMP software and P values of < 0.05 were considered statistically significant.  208 
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 209 

Results 210 

Haplotype, nucleotide diversities and recombination 211 

Three genes (Alta_1, ATPase and Calmodulin) were sequenced, sequence lengths 212 

varied among genes and species (Table 3). All of the sequences were deposited in 213 

Genebank (accession numbers KY626338 - KY626444 for sequences of Alt_a1, 214 

KY626445 - KY626551 for sequences of ATPase, KY626552 - KY626658 for sequences 215 

of Calmodulin). While all isolates from section Alternaria were represented with different 216 

number of multilocus haplotypes, isolates from section Porri presented low or no diversity 217 

at the species level (Table 3). Alternaria solani and A. limicola species were represented 218 

by only one multilocus haplotype and A. dauci isolates were represented by three 219 

multilocus haplotypes (Table 3). The ATPase locus exhibited the most variability in section 220 

Alternaria (Table 3). Tajima’s D statistics showed that combined data set and each locus is 221 

evolving neutrally in each population. However, the Alt_a1 locus deviated significantly 222 

from neutrality in the A. alternata/tenuissima population (Table 3). A significant positive 223 

value for Tajima’s D can indicates that this population has fewer low frequency segregating 224 

alleles than expected based on sequence data, likely due to bottlenecks or diversifying 225 

selection. However, the A. alternata/tenuissima population presented insignificant 226 

Tajima’s values for the other loci which indicates possible population expansion. No 227 

intragenic recombination events were detected for any of the loci.  228 

 229 

Results of phylogenetic analysis and species tree estimation 230 
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Individual gene trees based on Parsimony, Maximum Likelihood and Bayesian 231 

methods were estimated (Fig. 1). Each gene tree revealed that section Porri includes well 232 

separated species clades that correlate with previously established species while section 233 

Alternaria does not resolve into clades that correspond with previously established species. 234 

Gene trees were concordant for section Porri. A. dauci and A. solani were closer to each 235 

other than A. limicola. All species within section Porri represented with one cluster with 236 

exception that Alt_a1 and ATPase trees represented two sub-groups within A. dauci. Gene 237 

tree topologies in section Alternaria were inconsistent and each gene exhibited a different 238 

number of haplotypes both in A. alternata/tenuissima and A. arborescens. Moreover, the 239 

A. alternata/tenuissima and A. arborescens species were not well separated based on gene 240 

trees. Gene trees revealed that section Alternaria has more diversity in species populations 241 

in comparison to section Porri. Species tree estimation depicted that Porri had longer 242 

branch lengths compared to section Alternaria indicating earlier divergence in Fig. 2. 243 

 244 

Host effect on determining genetically distinct clusters 245 

No significant associations were detected between multilocus genetic cluster and 246 

host in section Alternaria (Table 4). However, multilocus haplotype was significantly 247 

associated (P <0.0001) with host of isolation in section Porri (Table 4). NJ tree indicating 248 

highly supported genetic clusters was shown in Figure 3. 249 

 250 

Discussion 251 

In this study, we used the genus Alternaria as a model for asexual fungal speciation using 252 

phylogenetic approaches. The previously established species in section Porri based upon 253 

morphology and host range corresponded to a phylogenetic species in agreement with 254 
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previous systematic studies utilizing multilocus data sets and polyphasic approaches 255 

(Lawrence et al., 2012; Brun et al., 2013). In contrast, the previously established species 256 

based on morphology and, perhaps to a lesser extent, host range were only partially 257 

resolved within section Alternaria. A possible explanation for these different evolutionary 258 

patterns could be that the sampling of taxa within section Alternaria was not sufficiently 259 

broad to delineate the evolutionary process among closely related taxa. In addition, 260 

evolutionary species within this section cannot be distinguished sufficiently by using this 261 

data set or two of the phylogenetically described species (A. arborescens and A. 262 

alternata/tenuissima) which each form a robust clade but may not be an evolutionarily 263 

distinct species. A similar pattern was observed in another asexual fungal genus 264 

Penicillium. Rivera and Seifert(2011) used ITS,  cytochrome c oxidase subunit 1, beta-265 

tubulin, translation elongation factor1-α and calmodulin sequences from isolates of 266 

Penicillium sclerotiorum and phylogenetic analyses showed that P. sclerotiorum 267 

morphospecies is a species complex with seven phylogenetic species. In another example, 268 

Fontaneto et al. (2007) showed that the traditional morphological species of bdelloids do 269 

not correspond well to evolutionary species. Moreover, within section Alternaria, A. 270 

tennuissima and A. alternata were not resolved as distinct lineages by any method of 271 

analysis. Several studies showed how these two species can be identified on the basis of 272 

morphological traits (Pryor & Michailidis, 2000; Hong et al., 2006, Rotondo et al., 2012), 273 

but the phylogenetic relationship still remain unresolved due to the lack of sequences 274 

variability in the individual genetic loci (Andrew et al., 2009; Lawrence et al., 2012; 275 

Rotondo et al., 2012; Armitage et al., 2015; Ozkilinc et al., unpublished data). No 276 

association between multilocus haplotype and morpho-species supporting the hypothesis 277 
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that A. alternata and A. tenuissima represent a continuum of the same species or still 278 

diverging species, but these species has not been detected, yet. Recently the Alternaria 279 

genome database has been created (Dang et al., 2015). This open access resource includes  280 

25 fully sequenced and annotated genomes of different Alternaria species, from plant 281 

pathogens to saprophytes. ). Genome comparison data  could resolve the phylogenetic 282 

relationship and advance the understanding of speciation in asexual and closely related 283 

taxa, such as A. alternata and A. tenuissima. 284 

A. limicola was found as a well-separated distinct species from other lineages in section 285 

Porri and all A. limicola isolates examined in this study had identical multilocus haplotype. 286 

A. limicola could be the earliest diverging group within the section. A. limicola causes 287 

mancha foliar de los citricos (MFC) on C. aurantiifolia, and firstly detected in Mexican 288 

lime (Simmons & Palm, 1989; Palm & Civerolo, 1994), and is a weak pathogen of other 289 

species of Citrus L. such as C. limettoides and C. paradise. This species is clearly 290 

distinguishable from other Alternaria species infecting citrus both morphologically and 291 

using molecular techniques (Su et al., 2001; Peever et al., 2004). MFC has been found in 292 

Mexican lime producing states on the Pacific coast of Mexico, including Colima, Guerrero, 293 

Jalisco, Michoacan, Nayarit and Oaxaca (Rodriguez et al., 1985; Palm et al., 1994). This 294 

disease has not been reported from outside Mexico. Limited geographic distribution and 295 

host specificity may cause all identical clonal structure of the species.  296 

There was no evidence of recombination occurring in the populations of A. solani, A. 297 

dauci, A. arborescens and the combined A. alternata/A. tenuissima. Stewart et al. (2014) 298 

found a few putative recombination events in two anonymous DNA regions (Flank 3 and 299 

OPA1.3) for citrus brown pathogen A. alternata populations (Stewart et al., 2014). A. 300 
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alternata/A. tenuissima populations from Pistacia spp in Turkey did not result any 301 

recombination event based two anonymous regions (OPA1.3, SCAR2) and three coding 302 

regions (ATPase, Alt_a1 and Endo_PG) (Ozkilinc et al., unpublished data). Lourenco et 303 

al. (2009) did not detect any recombination event for A. solani populations in Brazil using 304 

sequences of the rDNA internal transcribed spacer (ITS), Alt_a1 and glyceraldehyde-3-305 

phosphate dehydrogenase. Variation in the population of A. solani, A. dauci, A, 306 

arborescens and A. alternata/A. tenuissima is expected to be largely influenced by mutation 307 

rather than recombination processes.  308 

Strong evidence of a clonal population structure and low genotypic diversity were 309 

detected within Alternaria species, particularly in section Porri, in this study. Isolates from 310 

geographically distant fields were often not genetically distinct suggesting that gene flow 311 

is occurring on a regular basis. However, this lack of differentiation could also be due to 312 

historical rather than contemporary gene flow and/or establishment of these geographically 313 

separated populations from a common source population. One of the signatures of clonal 314 

population structure is the occurrence of widespread, geographically dispersed multilocus 315 

haplotypes (Milgroom, 1996). Continuous availability of host crops and conducive 316 

environmental conditions which are possibly favour asexual reproduction were shown as 317 

one of the reasons for clonal structure of A. solani population in Brazil (Lourenco et al., 318 

2009). Besides, A. dauci is readily dispersed long-distances as a seed-borne pathogen. 319 

Alternaria populations, including both sections Porri and Alternata, appear to have limited 320 

population structure over large geographic distances which was shown previously for 321 

section Alternaria populations by Andrew et al. (2009). Population determination for such 322 
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a clonal species could be ‘representation of a group which may consist of one or more 323 

genotypes’. 324 

Host specialization is considered one of the important forces for fungal speciation 325 

(Giraud et al., 2008) as shown in different fungal pathogens (Stukenbrock et al., 2010; 326 

Zaffarano et al., 2011; Infantino et al., 2016). We observed no significant association 327 

between multilocus haplotype and host of origin within section Alternaria possibly 328 

indicating that host is a non-selective pressure on those populations to reveal genetically 329 

distinct clusters. On the other hand, strong host specifity in section Porri is a strong driving 330 

force for well-defined speciation. It seems that species boundaries are shaped as associated 331 

with host selection in Alternaria genus. 332 
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 447 

Figure Legends 448 

Figure 1. Phylogenetic trees inferred from Maximum Likelihood (ML), Maximum 449 

Parsimony (MP) and Bayesian analysis of Alt_a1 (a), ATPase (b), (c) Calmodulin gene 450 

sequences for Alternaria spp. and. A. cineriae was selected as outgroup. Bootstrap support 451 

values (1,000 replicates) above 70% for ML and MP and above 0.70 for Bayesian analysis 452 

are shown. While tree topologies are too long to represent each isolate, some representative 453 

isolates were shown in clusters. 454 

 455 

Figure 2. *BEAST species tree estimation based on three coding regions. Species 456 

assignments were performed considering morpho-species. Branch lengths and posterior 457 

probabilities are shown on branches and nodes, respectively.  458 

 459 

http://www.sciencedirect.com/science/article/pii/S0166061615000123#aff3


H. Ozkilinc et al. 

21 
 

Figure 3. Neigbor-Joining tree inferred from concatenated data set of Alt_a1, ATPase, 460 

and Calmodulin gene sequences for Alternaria spp. A. cineriae was selected as outgroup. 461 

Main genetic clusters which were supported with bootstrap support values above 70% were 462 

shown.  463 

 464 
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Table Headlines 471 

Table 1 Alternaria spp. isolates used in this study. 472 

 473 

Table 2 Primer information used in this study. 474 

 475 

Table 3. The number of sites, haplotypes, and segregating sites, nucleotide diversity and 476 

neutrality estimates for each locus and the combined dataset for isolates of Alternaria 477 

species used in this study. 478 

 479 

Table 4 Summary of statistical analyses for host effect on genetically distinct clusters.   480 


