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ABSTRACT 

A sampling of contaminated foodstuffs throughout southwest Nigeria yielded three fungal isolates belonging to the genus 

Fusarium and two belonging to the genus Cladosporium. These 2 are known to produce mycotoxins and volatile organic 

compounds (VOCs) respectively. In this study we subjected these isolates to various molecular investigations. The 

morphological species identifications were confirmed or refined with BLAST queries for sequences from two genomic 

regions (translation elongation factor-1 α and ITS). BLAST results uncovered species identification inconsistencies for 

one Fusarium isolate, SRRC1606, and for both Cladosporium isolates based on the examined loci. Using additional 

species sequences obtained from GenBank, the phylogenetic associations for each genomic region were explored and 

observed species haplotype associations for the Fusarium sequences; however, this was not the case for the 

Cladosporium sequences. There was evidence of recombination in both loci for the Fusarium species, but only in the 

translation elongation factor locus for the Cladosporium sample population. Fusarium coalescent analyses for both loci 

inferred two lineages, one containing only F. oxysporum sequences and the other containing the remaining species 

examined. These same analyses for the Cladosporia inferred ancient segregation of one lineage, containing only the 

outgroup taxa, from a second lineage that exhibited recent divergence events among the other taxa examined. 

Mycological population dynamics and analyses can achieve a better understanding of interventions to protect consumers 

from contaminated foods. 
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1.0 INTRODUCTION 

The genus Fusarium includes species noted for the 

production of secondary metabolites and cause of 

diseases in both plants and animals [Kovalsky-Paris et 

al., 2014, Tamura et al., 2015], while ladosporium 

species are most often associated with cutaneous and 

pulmonary infections [De Hoog et al., 2000]. The 2 

isolates occupy very diverse habitats such as plumbing 

drains [Short et al., 2011], tomato plants [Rollan et al., 

2013], cosmetics [Pinto et al., 2012], and hospitals 

[Migheli et al., 2010, Oeschsler et al., 2010]. Previous 

research has emphasized the value of molecular 

techniques, beyond morphological investigation, as 

critical components for reliable fungal classification. 

For example, utilization of a molecular technique on 

Fusarium, known as PCR-ITS-RFLP, was able to 

further distinguish between strains within the Fusarium 

solani species complex (FSSC) [Chehri et al., 2011]. A 

newly developed species-specific primer, for the 

conserved regions of 28s-rDNA and the intergenic 

spacer, to genotype F. oxysporum f. sp. psidii was 

reported by Mishra and co-workers [Mishra et al., 

2013]. New genotypes and races of F. oxysporum f. sp. 

vasinfectum were discovered, through comparison with 

previously described races, using sequences from 

translation elongation factor, phosphate permease, and 

beta-tubulin genes [Holmes et al., 2009]. Similar 

attention has been focused on the use of molecular 

techniques to differentiate Cladosporium species 

[Braun 2001; Braun et al., 2003;Braun et al., 

2007;Bensch et al., 2011]. The identities of two races of 

C. fulvum were recently confirmed by amplifying and 

sequencing 580bp of their respective ITS regions 

[Rollan et al., 2013]. Molecular association of 

metabolite production with fungal geneshas also been 

investigated such as in the FUM-1 (fumonisin) gene,and 

both TRI-13 and TRI-7trichothecene genes in F. 

proliferatum and F. verticillioides, respectively 

[Sampietro et al., 2010]. Also, molecular techniques 

were used to elucidate the genotypes of non-

mycotoxigenic strains of F. proliferatum, 

F.verticillioides, and the F. graminearum species 

complex strains [Sampietro et al., 2012]. The aim of 

this preliminary study, not disregarding the sample size, 

was to analyze genomic loci in previously described 

Fusarium and Cladosporium isolates, sampled from 
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contaminated foodstuffs, to observe species diversity 

and to assure the integrity of their taxonomic 

placements. The molecular analysis was also designed 

to enhance in -depth fungal knowledge, which is a 

critical and strategic input in fungal control and 

management 

 

2.0 MATERIALS AND METHODS 

2.1 Fungal identification 

Fungal strains selected for this study, originally 

sampled from contaminated foods in Nigeria, were 

identified based on morphological characters as in 

Fapohunda et al., [2012] and all isolates are currently 

housed in the Southern Regional Research Center 

(SRRC) fungal collection in New Orleans, Louisiana, 

USA. Three Fusarium isolates (SRRC1606, SRRC1630 

and SRRC1633) were morphologically identified from 

among the collected samples. Also, two Cladosporium 

isolates were identified based on morphology 

(SRRC1616 and SRRC1634). In addition to 

morphology, BLAST queries of sequences from two 

genomic regions were performed to verify species 

identification for each isolate: the internal transcribed 

spacer (ITS) region and the translation elongation 

factor-1 α (tef1α). The tef1α locus is considered a good 

delimiter of species for fungal genera such as Fusarium 

and Cladosporium [Castano et al., 2014; Schoch et al., 

2006]. All isolates were PCR-amplified for ITS as in 

Fapohunda et al. [2012]. Amplification of the tef1α 

locus involved primers reported in Carbone and Kohn 

[Carbone et al., 1999]. Amplicons for each isolate were 

purified and sequenced, and the sequences were 

trimmed, cleaned, and aligned using Sequencher 

version 5.3 (Gene Codes Corporation). Individual 

sequences for each isolate/locus were BLAST queried 

to verify species associations previously determined by 

morphological observations. In this study we did not 

test any isolates for the presence of mycotoxins. 

 

2.2 Comparative analyses 

Fungal sampling was done on less than four isolates per 

genus, and searches for each locus were performed 

using the NCBI database and additional species 

sequences from each genus were included in the 

respective sequence alignments. Whenever possible, the 

same accessioned isolate (or at least species) was used 

in alignments for the genomic loci examined. In 

addition to the various sequences acquired to build 

sample populations for each genus and locus, outgroup 

taxa were selected for each genus. Fusarium 

chlamydosporum [Darvishnia, 2013] and Cladosporium 

salinae [Zalar et al., 2007] have been reported as 

appropriate phylogenetic outgroup taxa for their 

respective genera, and; therefore, were chosen for this 

study. All sequence alignments were exported in nexus 

format for analyses in SNAP Workbench [Price and 

Carbone, 2005]. The first analysis component involved 

collapsing the sequences into haplotypes using SNAP: 

Map [Aylor et al., 2006]. Resulting outfiles were 

examined for haplotype associations and evidence of 

the ancestral sequence. The ancestral sequence is 

evident when its nucleotide composition is identical to 

the consensus sequence. Next to be performed was the 

phylogenetic inference for each locus; additionally, 

bootstrap values and heuristics (e.g., consistency 

indices and numbers of most-parsimonious trees) were 

determined using PAUP* software [Swofford, 2003]. 

Comparative analyses of recombination and 

coalescence were also performed for each locus and 

sample population with the recombination events for 

each locus/species group was performed using RecMin 

[Myers and Griffiths, 2003]. If evidence of 

recombination was observed, an ancestral 

recombination graph (ARG) was inferred using the 

beagle algorithm with one million simulations [Lyngso 

et al., 2005]. Finally, to explore divergence patterns 

among the species for each locus, without the 

interference of recombination, coalescent analyses were 

performed which only consider mutational differences 

among isolates [Griffiths and Tavare, 1994]. The 

GenBank accession numbers for the Fusarium isolates 

are KP771785-KP771787 (ITS) and KT950249-

KT950251 (tef1α). The accession numbers for the 

Cladosporium isolates are KP771788-KP771789 (ITS) 

and KT950252-KT950253 (tef1α).  

 

RESULTS 

3.1 Molecular confirmation of species 

Table 1 lists the sampled Nigerian isolates, the 

foodstuffs from which they were sampled and their 

BLAST identification results . 

 

3.2 Haplotype associations 

Sequence comparisons, for the Fusarium species, 

revealed enough polymorphisms within their respective 

ITS regions to segregate the sequences into six 

haplotypes, and evidence of the ancestral ITS sequence 

affiliated with haplotype H5, comprised of isolate 

SRRC1633 and the two other F. incarnatum sequences. 
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Table 1. Nigerian isolates with sampling sources and species identifications based on two genomic loci 

 

 

 

3.0  

 

  
 

 

SRRC ID Sample Source ITS tef1 

SRRC1606 Raw yam Fusarium equiseti Fusarium incarnatum 

SRRC1630 Cooked rice F. oxysporum F. oxysporum 

SRRC1633 Bread F. incarnatum F. incarnatum 

SRRC1616 Cooked rice Cladosporium cladosporioides Cladosporium tenuissimum 

SRRC1634 Raw groundnut C. cladosporioides C. tenuissimum 
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Haplotype designations for the examined Fusarium loci 

are listed in Table 2. Isolate SRRC1630 shared a 

haplotype (H2) with the other two F. oxysporum 

sequences examined. There was enough diversity to 

segregate the three F. equiseti sequences, including that 

of SRRC1606, into individual haplotypes (H3, H4 and 

H6). The tef1α locus segregated the Fusarium species 

into seven haplotypes, and no evidence of the ancestral 

sequence could be observed for this group of fungi. 

SRRC1606 and SRRC1633 had identical tef1α 

sequences (H5) and could not be segregated as 

individuals. This locus resulted in different haplotype 

segregations compared to ITS. For example, SRRC1630 

and the other F. oxysporum sequences segregated into 

individual haplotypes (H2, H3 and H4) while the F. 

equiseti sequences shared a single haplotype (H6). For 

the Cladosporiumsequence dataset, a majority of the 

ITS sequences were identical, resulting in only two 

haplotypes (Table 3). Haplotype H1 included only the 

C. salinae sequence, and the second haplotype included 

all the remaining sequences examined. No evidence of 

an ancestral sequence was observed for the ITS.The 

tef1α locusfor the Cladosporiumsequences were distinct 

enough to segregate each of the sequences into its own 

haplotype for both inference types (Table 3).An 

evidence was observed of the ancestral sequence within 

a C. tenuissimum sequence (H6) downloaded from 

GenBank when C. salinae was used as the outgroup 

taxa, but without this sequence the inference of the 

ancestral sequence was lost. A total of five C. 

tenuissimum sequences, including SRRC1616 (H2) and 

SRRC1634 (H4), examined for this locus  were 

considered as separate individuals. 

 

3.3 Phylogenetic inference 

Using a population framework, phylogenetic inference 

for the Fusaria at the tef1α locus (Figure 1; Table 2)

  

 
Figure. 1 Phylogenies for two genomic regions in multiple Fusarium species. The outgroup species (H1) used for the 

inferred trees was F. chlamydosporum. Mutational distance separating each haplotype can be determined using the scale 

bar beneath each tree. Bootstrap values above 70 are displayed at the nodes. Also displayed beneath each locus name is 

the consistency index (C.I.) value and number of most parsimonious (MP) trees obtained. The haplotype designations 

and GenBank accessions for each locus are shown in Table 2. 
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Figure. 2 Phylogenies for the tef1α locus in multiple Cladosporium species. The respective outgroup species (H1) used 

for inferred tree A was C. salinae and for inferred tree B was C. cladosporioides. No ITS phylogeny could be inferred 

because too few haplotypes resulted when the sequences were collapsed. Mutational distance separating each haplotype 

can be determined using the scale bar beneath each tree. Bootstrap values above 70 are displayed at the nodes. Also 

displayed beneath each locus name is the consistency index (C.I.) value and number of most parsimonious (MP) trees 

obtained. The haplotype designations and GenBank accessions for each tree are shown in Table 3. 

 

resulted in the formation of three lineages:F. 

oxysporum, which included SRRC1630,exhibited 

greater phylogenetic distance from the other species 

examined F. incarnatum, which included SRRC1606 

and SRRC1633,shared a clade with the F. equiseti 

sequences and the outgroup taxa F. chlamydosporum. 

Strong bootstrap support was observed for each clade. 

Similar associations were inferred for the ITS 

phylogeny (Figure 1; Table 2) although clade groupings 

were not as clear and no bootstrap support could be 

determined. The tef1α locus for the Cladosporium 

sequences failed to infer a phylogeny with recoded 

indels, so  two different PHYLIP alignments were 

created that allowed for phylogenetic inference. For the 

first, we excluded indels and infinite sites violations in 

the alignment when collapsing sequences in 

SNAP:Map, which allowed a phylogeny to be inferred 

using PAUP*. For the second, we removed C. salinae 

as the outgroup taxa and instead used a C. 

cladosporioides sequence downloaded from GenBank 

as the root; we were then able to recode indels during 

our collapse of the sequences, and subsequently use 

PAUP* to infer a phylogeny. Both phylogenies are 

displayed in Figure 2, and their haplotype designations 

are shown in Table 3.Two Nigerian C. tenuissimum 

isolates (SRRC1616 and SRRC1634) shared strong 

cladal associations (H2 and H4, respectively) and 

bootstrap support, for the tef1α locus (Figure 2A), 

within a larger clade that included two other C. 

tenuissimum sequences (H5 and H6) obtained from 



Moore and Fapohunda (2016)/ Molecular investigations of food-borne Cladosporium and Fusarium species from 

Nigeria 

7 

 

GenBank. However, a fifth C. tenuissimum sequence 

(H10) shared greater cladal association with two C. 

cladosporioides sequences (H7 and H9) and marginal 

association with the C. oxysporum sequence (H8). One 

C. cladosporioides sequence (H3) and the outgroup taxa 

(C. salinae) were observed as distinct lineages from the 

remaining sequences. In Figure 2B we observed similar 

haplotype associations. For example, the C. 

cladosporioides sequence representing H3 in Figure 2A 

remained a distinct lineage as H1 in Figure 2B, and the 

same C. tenuissimum sequence (H10) that shared a 

cladal association with the other two C. cladosporioides 

sequences (H7 and H9) in Figure 2A again exhibited 

close phylogenetic associations in Figure 2B (H7-H9). 

The differences we observed related to C. oxysporum as 

a distinct lineage (H6) instead of sharing a clade with 

other species. The two Nigerian isolates (C. 

tenuissimum) exhibited different haplotype groupings( 

Figure 2A). The CladosporiumITS sequences were too 

similar and resulted in only two haplotypes for the ten 

sequences (representing four species); therefore, 

phylogenetic inference could not be obtained for this 

region. 

 

3.4 Comparative analyses 

RecMin analyses among the Fusarium species indicated 

a minimum of 11 recombination events for the tef1α 

locus, and one for the ITS region; therefore, an ARG 

was inferred for each (Figure 3; Table 2).

 

 
Figure. 3 Ancestral recombination graphs (ARGs) for two genomic regions in multiple Fusarium species. Each ARG 

was inferred using the Beagle heuristic method for all polymorphisms within the analyzed sequences. Each ARG shows 

the possible mutation and recombination paths that result in the sampled haplotypes (red ovals). The top of the ARG 

represents the past and the bottom represents the present. The paths leading to the recombination nodes (blue ovals) are 

labelled with a P (prefix) or S (suffix), indicating the 5’ to 3’ segments of the recombinant sequence, respectively; the 

number in each oval indicates the variable position immediately to the left of the recombination breakpoint. Numbers 

along the path lines indicate polymorphisms. The haplotype designations for each locus are shown in Table 2. 
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Figure. 4 Ancestral recombination graphs for thetef1α locus in multiple Cladosporium species. The respective outgroup 

species (H1) used for inferred ARG A was C. salinae and for inferred ARG B was C. cladosporioides. No ITS ARGs 

could be inferred because too few haplotypes resulted when the sequences were collapsed. The ARGs were inferred 

using the Beagle heuristic method for all polymorphisms within the sequences analyzed. Each ARG shows the possible 

mutation and recombination paths that result in the sampled haplotypes (red ovals). The top of the ARG represents the 

past and the bottom represents the present. The paths leading to the recombination nodes (blue ovals) are labeled with a P 

(prefix) or S (suffix), indicating the 5’ to 3’ segments of the recombinant sequence, respectively; the number in each oval 

indicates the variable position immediately to the left of the recombination breakpoint. Numbers along the path lines 

indicate polymorphisms. The haplotype designations for each ARG are shown in Table 3. 

 

According to the ARG for the tef1α locus, 12 

recombination events existed throughout the histories of 

all species/haplotypes examined, with the exception of 

the outgroup taxa (F. chlamydosporum, H1). However, 

evidence existed to suggest the shuffling of the tef1α 

sequence from F. chlamydosporum into other 

species/haplotypes. Haplotype H6 (F. equiseti) 

appeared to result from successive recombination 

events; and this haplotype, as well as H5 (F. 

incarnatum), appeared to result from recombination 

events that occurred on a recent time scale. Haplotype 

H5 included Nigerian isolates SRRC1606 and 

SRRC1633. Two F. oxysporum sequences (H3 and H4) 

experienced a single, ancient recombination event in 

their respective histories, but the sequence obtained 

from isolate SRRC1630 resulted from two 

recombination events. The ARG inferred for the ITS 

region suggested that haplotypes H1, H4 and H6 (F. 

chlamydosporum and two F. equiseti 

GenBanksequences, respectively) had no histories of 

recombination; however, an inferred recombination 

between H1 and H4 appeared to result in the formation 

of haplotypes H2 (F. oxysporum which included 

SRRC1630), H3(SRRC1606/F. equiseti) and H5 (F. 

incarnatum which included SRRC1633). RecMin 

inferred a minimum of eight recombination events for 

the Cladosporium tef1α locus that included C. salinae, 

and its ARG (Figure 4A; Table 3) showed eight 

recombination events in the histories of haplotypes H3, 

H7 and H9 (C. cladosporioides), as well as H8 (C. 

oxysporum), with the most recent recombination events 

resulting in haplotypes H3 and H8. The remaining 

haplotypes represented the C. salinae and C. 

tenuissimum (including SRRC1616 and SRRC1634) 

species sequences which were not inferred to result 

from previous recombination events, but they had 

contributed genetic material to the recombinant 

sequences mentioned above. 
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Figure. 5. Gene genealogies for two genomic regions in multiple Fusarium species. These coalescent-based trees show 

mutations as dots along branches and time is scaled to the most recent common ancestor (TMRCA) of 1.0 for each locus. 

The haplotype designations for each locus are shown in Table 2. 

 

RecMin inferred a minimum of six recombination 

events for the alignment withoutC. salinae as the 

outgroup taxa, and the ARG revealed eight possible 

recombination events (Figure 4B), but the inferences 

change in regard to most of the haplotypes. Four 

haplotypes were inferred to have histories of 

recombination in Figure 4A, but in Figure 4B that 

number changes to five. The C. cladosporioides isolate 

represented as H3 in Figure 4A was inferred to have 

derived from a recent recombination event, but this 

isolate was considered the root for the inferences in 

Figure 4B. In these types of analyses it is assumed that 

the root is not a recombinant. Nigerian isolate 

SRRC1616 was not inferred to have a history of 

recombination for Figure 4A, but was inferred to result 

from a recent recombination in Figure 4B. The only two 

haplotypes that were consistently inferred to have no 

histories of recombination were H4 and H10 (Figure 

4A) and H3 and H9 (Figure 4B). These haplotypes, for 

both ARGs, contained the same representative 

sequences (Table 3). Since the CladosporiumITS region 

resulted in too few haplotypes, no recombination 

analyses could be performed. In the coalescent analyses 

and haplotype designations for the Fusarium species  as 

shown in Figure 5 and  Table 2,  two Fusarium lineages 

for the tef1α region were observed , with F. oxysporum 

being the sole species represented in one of them, while 

the second lineage experienced a series of speciation 

events that resulted in the other Fusaria examined. The 

F. oxysporum lineage had experienced bifurcations that 

segregated into three haplotypes (H2-H4).  The other 

lineage showed the evolutionary time point when F. 

chlamydosporum (H1) diverged from F. equiseti (H5) 

as well as the time point when F. equiseti diverged from 

what is now F. incarnatum. Even F. incarnatum 

exhibited a bifurcation into two distinct branches 

represented by haplotypes H6 (Nigerian isolates) and 

H7. 
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Figure. 6. Gene genealogies for thetef1α locusin multiple Cladosporium species. The respective outgroup species (H1) 

used for inferred genetree A was C. salinae and for inferred genetree B was C. cladosporioides. No ITS ARGs could be 

inferred because too few haplotypes resulted when the sequences were collapsed. These coalescent-based trees show 

mutations as dots along branches and time is scaled to the most recent common ancestor (TMRCA) of 1.0 for each locus. 

The haplotype designations for each locus are shown in Table 3. 

 

The ITS locus also inferred two ancient lineages 

whereby F. oxysporum (H2), as a species/complex, had 

persisted as its own lineage. The second lineage offered 

little resolution for the remaining species examined, 

because a single bifurcation, occurring millions of years 

ago, gave rise to three branches undergoing a clonal 

amplification. Two of those branches are represented by 

F. equiseti (H3 and H4/SRRC1606) and the third 

branch showed sequence identity for F. 

chlamydosporum and F. incarnatum(H1). The 

Cladosporium tef1α gene tree for which C. salinae was 

the outgroup taxa(Figure 6A; Table 3) inferred C. 

salinae as an ancient species and sole representative of 

its own lineage, while the other species shared a second 

lineage. A fairly recent bifurcation in the second lineage 

appeared to segregate C. tenuissimum into multiple 

haplotype branches. One of those branches showed the 

speciation events associated with C. cladosporioides 

and C. oxysporum. The most recent bifurcation for this 

group resulted in the segregation of the Nigerian 

isolates (H2 and H4).The genetree without C. salinae 

(Figure 6B) offered more resolution for the group of 

fungi sharing the second lineage in Figure 6A. We 

observed bifurcations resulting in haplotypes H1-H6. 

Haplotypes H7-H9 were not resolved and appeared to 

undergo clonal amplification since their divergence 

from H2-H5. No genetree could be inferred for the ITS 

region due to having only two haplotypes. 

 

4.0 DISCUSSION 

It has been shown, through these investigations, that 

two of the Nigerian Fusarium isolates were consistently 

identified using different genomic loci. This would 

indicate that ITS and tef1α are adequate species 

delimiters for this particular genus. The exception for 

this group of isolates was SRRC1606, identified as F. 

equiseti based on ITS sequence, but also as F. 

incarnatum based on its tef1α sequence. Both species 

are part of the Fusarium incarnatum-equiseti species 

complex (FIESC)[O’Donnell et al., 2009] and share a 

most recent common ancestor. In SRRC1606 we see 

evidence of recombination whereby the ancestry of the 

ITS region originated with an F. equiseti strain and the 

tef1α locus originated with an F. incarnatum strain. 

Reports of F. equiseti and F. incarnatum as specifically 

pathogenic to yams are lacking although both species 
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have been reported as pathogens of potatoes [Goswani 

et al., 2008, Thrane, 2014]. Some of the mycotoxins 

associated with F. equiseti are nivalenol, A and B 

trichothecenes and zearalenone [Goswami et al., 2008, 

Kristensen et al., 2005], while F. incarnatum has been 

reported to produce beauvericin and zearalenone 

[Thrane, 2014]. Isolate SRRC1633 wassampled from 

bread and identified as F. incarnatum based on ITS and 

tef1α regions. Although reports of F. incarnatum as a 

cereal grain pathogen are rare, they do exist 

[Mackinaite et al., 2006]. Isolate SRRC1616 was 

consistently identified as F. oxysporum based on both 

genomic regions examined. This isolate/species was 

sampled from cooked rice which correlated with its 

reported pathogenicity of cereal grains, and beauvericin 

and moniliformin are among the mycotoxins that may 

be produced by F. oxysporum [Thrane, 2014, Hsuan et 

al., 2010 ]. ITS and tef1α did not offer consistency for 

species delimitation for sampled Cladosporium species 

from Nigeria. We determined the respective 

identifications of isolatesSRRC1616 and SRRC1634 as 

C. cladosporioides(ITS) and C. tenuissimum(tef1α). 

Taxonomically, C. Cladosporioides shares no 

synonymy with C. tenuissimum, which supported that 

these are distinct species. However, these two species 

are part of the same (C. cladosporioides) complex 

[Sandoval-Denis et al., 2015] and share a most recent 

common ancestor. Interestingly, no evidence of 

recombination was observed in the histories of these 

isolates. This likely relates to the necessity of removing 

indels and infinite sites violations in order to proceed 

with our haplotype associations and comparative 

inferences. SRRC1616 was sampled from cooked rice 

while SRRC1634 was sampled from groundnut 

(peanut). Our findings supported previous reports of a 

host-pathogen relationship between these two fungal 

species and cereal grains such as rice, but only C. 

cladosporioides has been reported on groundnut [Pitt 

and Hocking 1997). There have been no reported 

mycotoxins produced by Cladosporium 

species[Milgroom, 1996]. The exact reason for two 

conserved loci offering different taxonomy is uncertain, 

but may be the result of ancient interspecific 

recombination, or horizontal gene transfer, of the loci 

examined from one species to another that has 

maintained in isolates like SRRC1606, SRRC1616 and 

SRRC1634. 

 

From a phylogenetic perspective, the Fusaria exhibited 

an expected segregation for the loci examined. Cladal 

associations could be observed, and overall the 

species/complex distinctions were maintained. For 

example, F. chlamydosporum represents its own species 

complex (FCSC) but is considered a closely-related 

lineage to the FIESC complex that includes the F. 

incarnatum and F. equiseti species [O’Donnell et al., 

2009]. The most divergent lineage of species examined 

was F. oxysporum which represents its own species 

complex (FOSC). Inferring phylogenetic association for 

the Cladosporia;we were unable to infer a phylogeny 

for the ITS region because 99% of the sequences 

obtained were identical. The examined species are 

encompassed within the C. cladosporioides species 

complex. The observation that not enough haplotype 

diversity existed for theCladosporium ITS region 

suggests that these are indeed closely-related species 

whose diversity will likely exist in other loci. For 

example, we observed greater sequence diversity for the 

tef1α locus. As expected for closely-related species, two 

C. cladosporioidessequences were observed sharing a 

clade with C. tenuissimum while a third C. 

cladosporioides sequence was inferred as its own 

lineage.The high degree of diversity among C. 

tenuissimum sequences could relate to geography or 

host specificity, but could also relate to 

misidentifications which can occur for closely-related 

species. Future studies should involve an increase in the 

numbers of sampled isolates for more refined inferences 

of intra-species population dynamics. 

 

Contemporary recombination is an occurrence that is 

more likely within panmictic populations, but with 

conserved loci it is still possible to infer ancient 

recombination events, despite geographic isolation, 

among co-evolved species [Milgroom 1996, Carbone 

and Kohn 2004]. We were able to infer recombination 

within the histories of multiple Fusarium species based 

on two different genomic regions that are considered 

“conserved” [Bradshaw et al., 2006]. This finding 

would support that (1) historical recombination likely 

contributed to species diversity among these fungi 

[Kerenyi et al., 2004, Stergiopolous et al., 2007], and 

(2) true species delimitation for these fungi would 

require genome-scale comparisons and a more holistic 

approach to identification [Samson and Varga, 2009]. 

Recombination among Cladosporium species was only 

observed for the tef1α locus, but the richness of species 

diversity may require examining other loci and 

additional species. Based on our inferences of 

recombination, the different species within each genus, 

are either exhibiting ancient genetic configurations that 

have been maintained in certain species, or are 

exchanging genetic material on a recent time scale as 

part of their co-evolution. This is because they share a 

common ancestor, 

 

Coalescent analysis removes the influence of 

recombination from species evolution by simply 
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counting mutations and applying them to a time scale 

based on the assumption of a neutral mutation rate 

[Griffiths and Tavare, 1994]. Basically, the greater the 

number of mutations along a sequence, the longer that 

sequence has been in existence. The finding that ITS 

sequences from three F. oxysporum isolates segregated 

as a distinct lineage, with no divergence, suggests it is 

an ancient organism that long ago diverged from the 

common ancestor of the other examined Fusarium 

species. Despite being species from closely-

relatedcomplexes, F. chlamydosporum, F. equiseti and 

F. incarnatum exhibited recent divergence of their 

respective ITS regions with no further resolution. More 

evident patterns of divergence/speciation were observed 

for the tef1α locus. For example, in the F. oxysporum 

lineage isolate SRRC1630 was derived from a recent 

divergence event. The divergence of FCSC and FIESC 

occurred millions of years ago, and not too long after 

their divergence a speciation event segregated F. 

equiseti and F. incarnatum. The tef1α locus for the 

Cladosporia also suggested an ancient divergence for 

which the C. salinae lineage is shown as much older 

than the other species examined.Resolution of the 

divergence of the remaining Cladosporium species is 

moderate, but what can be inferred are recent 

divergence/speciation events for species that share a 

complex. As well, the Nigerian isolates appeared to be 

the most recently derived.  

In conclusion, the sampling of Fusarium species on 

foodstuffs in Nigeria is important when one considers 

the potential for the identified species to produce 

mycotoxins. We did not perform any mycotoxin assays 

for our sampled isolates in this study. The identification 

of a fungus on a particular host for which it is not 

considered a pathogen may indicate the presence of new 

species that happen to share genomic sequence with a 

known species/pathogen. Our findings support the need 

for a more holistic approach to species identification; 

particularly, when those fungi are contaminating foods 

and feeds and even cosmetics(Pinto et al., 2012).Of 

recent, there was a hint that Cladosprorium species 

produced mycotoxins(Alwatban et al., 2014).This 

further underscores the need for in depth molecular 

analysis of this genus as an emerging toxin producer.  
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