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Abstract 

 Heterocephalum aurantiacum is a little-known fungal species first described by 

Roland Thaxter in 1903 following collection of the type specimens from goat dung in 

Jamaica. Historical classification of the fungus by Raper and Fennell (1952) placed it 

with asexually-reproducing Ascomycete species based on morphological and 

developmental similarities. This study utilized molecular tools to update these 

classifications and elucidate the phylogenetic relationships between Heterocephalum and 

other species in the Aspergillus clade. Samples were cultured on antibiotic-containing 

media for 7-10 days before sporulating heads were removed for extraction of DNA. NS1 

and NS4 primers were used for amplification of the 18S small-subunit (SSU) rRNA gene 

and ITS1f and ITS4 primers for amplification of the internal transcribed spacer (ITS) 

gene regions 1-4. Sequences were obtained from three samples, one of which was H. 

aurantiacum and two of which were believed to be H. taiense. These were aligned in 

ClustalX with published sequences from the GenBank database, and maximum 

parsimony analyses were generated using PAUP 4.0b10. Phylogenies for each gene were 

generated and Heterocephalum was placed in the order Eurotiales within the Aspergillus 

clade. This study supplemented the initial classification of this genus with molecular data 

and further supported the delineation of two distinct species of Heterocephalum. Future 

areas for research include creating a multi-gene phylogeny to expand the body of 

knowledge about this species within the economically and ecologically-important 

Aspergillus clade. 

 

  



 
 

Table of Contents 

 

Preface ………………………………………………………………………………....….i 

Advice to Future Honors Students ………………………………………...…………......iii 

Acknowledgements ………...………………………………………………….….............v 

Glossary of Terms ………………………………………………………………………..vi 

Introduction ………………………………………………………………….…....……....1 

Methods ……………………………………………………………………………....…...3 

Media Preparation and Inoculation of Samples …………………………………..3 

DNA Extraction ...…………………………………………...……………………4 

DNA Amplification and Sequencing …….……………………………………….4 

Phylogenetic Analyses ……………………………………………………………5 

Results …………...……………………………………………………………….….........7 

Discussion ………...…………………………………………………………………...….8 

Conclusions …………...……………………………………………………………...….10 

 Literature Cited ………………………..…………………………………………...……11 

Appendix A: Figures.…...………………………………………………………..………12 

Appendix B: Tables……………………………………………………………………...17 

List of Figures 

 Figure 1: A phylum-wide phylogeny of Ascomycota….………………………...12 

 Figure 2: Phylogenetic tree of 18S small-subunit sequences..…………………...13 

 Figure 3: Phylogenetic tree of ITS sequences….………………………………...14 

 Figure 4: Stereomicroscope images of Heterocephalum....……………………...15 



 
 

 Figure 5: Light microscope and SEM images of Heterocephalum.....…………...16 

List of Tables 

 Table 1: Strains of Heterocephalum used in the study………………….…….....17 

 Table 2: Sources of DNA sequences used in the study….……………………....17 

 



i 
 

Preface 

 My first encounter with the amazing diversity of the fungal world was at 

Cranberry Lake Biological Station in the summer of 2009. It was here that I first 

encountered a multitude of mushrooms and other unknown fungal forms growing nearly 

everywhere, and became fascinated with learning as much as I possibly could about this 

kingdom. I took Mycology with Dr. Weir the following year, and the rest, as they say, is 

history. The two most influential pieces of information I took from the course were D.L. 

Hawksworth’s estimate of worldwide fungal diversity (1.5 million species, 

conservatively) and the fact that the amount of trained fungal taxonomists has continued 

to decline sharply over time. This means that despite the immense potential for 

discovering new species, and despite the essential role of fungi in nearly every ecosystem 

on Earth, very few biologists were readily entering the field of mycology. I felt an urgent 

and necessary calling to study fungi from that point on. This passion was fueled by 

several other inspiring lectures and courses (including those taught by Dr. Horton), and I 

resolved to dedicate the final two years of my undergraduate education to pursuing 

mycological research.  

My main issue, however, was deciding on just one fungal grouping to study. It 

seemed as though there were simply too many remarkable species on the planet to 

confine my research to a single family. While sharing these thoughts with Dr. Weir one 

day, he proposed a potential research project that would help focus my interests while 

teaching me several essential techniques used in fungal analysis. He mentioned that a 

student had started the project several years ago but been unable to complete it, hence it 

was not a simple undertaking for someone with minimal lab experience. I eagerly 
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accepted the challenge, however, and began culturing the samples last summer after 

returning from a fantastic field mycology course at Cranberry. My initial independent 

research developed into an honors project after I was invited to join the upper-division 

honors program, and since then I have worked towards the joint goals of completing this 

thesis as well as a scientific paper to be submitted for publication. 

From inoculation to analysis, each phase of the project has seemed almost 

impossibly difficult to me at first glance, and yet I have become familiar with each aspect 

by continually learning from my mistakes. I can now confidently examine a fungus from 

its fruiting bodies to its base pairs, and evaluate its evolutionary history to a certain 

extent. In addition to the skills I’ve learned, this project has given me a greater 

understanding of the challenges faced by modern fungal taxonomists. Molecular methods 

have advanced identification in so many ways, but they have also given rise to numerous 

complications. The main hurdles include a lack of consensus about species concepts and 

the absence of a simplified, easily-accessed, reliable database for DNA sequences. I 

know that many noteworthy mycologists are already hard at work on these issues, and I 

am grateful that I live in a time of ever-expanding global connectivity and freely 

available information. I’ve also learned that my initial interest in the “fun” aspects of 

mycology (such as field collection) is only the tip of the iceberg when it comes to 

understanding the complex relationships and classification of the fungal world. Through 

this research project, I have caught a glimpse of what truly goes into defining a species, 

and this understanding will unquestionably guide me in my future research into this 

incredible kingdom. 
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Advice for Future Honors Students 

 I believe that the most important part of conducting an honors project is choosing 

a topic in which you are truly interested. My project was presented to me as an 

opportunity to learn more about a group in which I was definitely interested but lacked 

focus. A huge part of this came from having a meaningful connection with my advisor, 

which was strengthened through numerous personal conversations as well as taking 

courses with him. So my first recommendation for future honors students would be to 

find someone at ESF with whom you feel comfortable and whose research aligns with 

your general interests. In terms of developing the project, my path was somewhat 

atypical, so I would advise reading as many papers as you can about the topic that 

interests you. This will give you a fairly good idea of the current research being 

conducted and the potential areas for further exploration.  

In terms of actually conducting the project, time management is probably the 

most significant factor in successfully implementing and finishing your thesis. Create a 

set time in which you will work on your project, be it once a week or once a day. This 

way you will keep the project at the front of your mind and not be overwhelmed with too 

much work at any one point. You should also factor in a reasonable amount of time to 

deal with whatever setbacks you will undoubtedly encounter at some point in your 

project. It is also fairly important to keep your advisor updated on your progress – having 

a good grasp on where you stand and what you still need to work on will be extremely 

helpful in finishing the project on a feasible timescale. Finally, never feel like you are 

unqualified to accomplish an undertaking such as this. Minimize any negative self-talk 

and focus on creating effective solutions to whatever issues you encounter. The most 
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valuable moments in my research project came after weeks of failures, and I cannot 

emphasize enough the importance of perseverance in the face of defeat. Remember that 

you are not here to get a degree, but an education, and true learning comes from doing. 
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 Glossary of Terms 

Anamorph: The asexual reproductive stage of a fungus. 

Bootstrap: A statistical tool used to evaluate the strength of support for the branching 

order (nodes) of phylogenetic trees. 

Clade: A biological group that includes all descendants of a common ancestor species. 

Conidiophore: A specialized fungal hypha upon which conidia are formed. 

Conidium (pl. conidia): An asexually-produced fungal spore. 

Coprophilous: Literally “dung-loving”; refers to species that grow or live on dung for all 

or part of their life cycles. 

Maximum parsimony: A character-based tree estimation method used to generate 

parsimonious phylogenetic trees; i.e. those containing the least amount of evolutionary 

changes. 

Seta (pl. setae): Hair or bristle-like hyphal projections in the spore-bearing structures of 

certain fungi. 

 Teleomorph: The sexual reproductive stage of a fungus. 
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Introduction 

The genus Heterocephalum was first described by Roland Thaxter in 1903 based 

on two collections of the type species, Heterocephalum aurantiacum, from dung samples 

in Jamaica and the Philippine Islands. A second species, Heterocephalum taiense, was 

discovered in 1986 by Persiani and Maggi from soil collected in the Ivory Coast. The two 

species have since been discovered sporadically in tropical climates worldwide and have 

been isolated from both dung and soil samples, though they are most commonly found in 

soils (Chien 1972). The fungus reproduces asexually via conidia, and produces 

distinctive, brightly-colored conidiophores that develop from a single fertile hypha and 

can grow up to 3 mm high (Figure 4). The conidial mass is contained within an 

interwoven network of corticating sterile hyphae, which form a net-like envelope that 

likely plays a role in spore protection and dispersal (Figure 5). External setae radiate from 

the hyphal net and mature conidiophores tend to adhere to each other when removed from 

the mycelium. The two species of Heterocephalum are distinguished morphologically 

through differences in color and size of the mature conidial heads. In H. taiense, the 

sporulating heads are yellow and smaller than those of H. aurantiacum, which are orange. 

Thaxter maintained cultures of H. aurantiacum for twelve years but did not 

observe an ascigerous or sexual state, though he believed that the teleomorph, when 

discovered, would be classified in the Plectascineae (currently the Eurotiales). Based 

upon morphological characteristics, Thaxter placed the genus in the in the family 

Stibellaceae. However, he remarked that conidiophore development was similar to that of 

Aspergillus, with the entire sporiferous tissue developing from a single fertile hypha. 

Raper and Fennell isolated the species from Liberian soil in 1952 and revisited Thaxter’s 
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description of the type specimen. They concluded that Heterocephalum should be 

included in the Moniliaceae (subfamily Aspergillae) along with Aspergillus and 

Penicllium. 

This project used molecular tools to reassess these classifications in hopes of 

elucidating the phylogenetic relationship between Heterocephalum and similar 

anamorphic Ascomycete species. The Eurotiales are a well-known order containing 

several commercially and ecologically-important mold species such as Aspergillus 

oryzae, A. niger, A. fumigatus, A. flavus, Penicillium crysogenum, P. roquefortii and P. 

camemberti. Understanding the evolutionary history of Heterocephalum will add to the 

body of knowledge about this clade and provide initial classifications that can be further 

analyzed in future studies.  
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Methods 

Media Preparation and Inoculation of Samples 

 Five lyophilized cultures of Heterocephalum aurantiacum were obtained by mail 

from Dr. Gerald Benny at the University of Florida (Table 1). Two types of media were 

used to grow the samples: potato dextrose agar (PDA) and Emerson’s yeast powder-

soluble starch (YpSs) agar. Potato dextrose agar was prepared by mixing 19.5 grams of 

PDA powder (Difco) with 500 mL of distilled in a 750-mL flask. Emerson’s YpSs agar 

contained the following: 10.0 g agar, 7.5 g soluble starch, 2.0 g yeast extract, 0.5 g 

potassium phosphate, and 0.25 g magnesium sulfate. This was mixed with 500 mL of 

distilled water in a separate 750-mL flask. Both types of media were heated to boiling 

three times in a microwave to ensure complete dissolving of solids. Each flask was then 

covered in foil, labeled, and autoclaved for 15 minutes at 121˚ C for complete 

sterilization of the media. After media had cooled and just prior to pouring, 10 mL of 

streptomycin and 10 mL of tetracycline were added to each flask from a stock solution. 

Both PDA and YpSs agar were poured aseptically into disposable petri dishes (25 each) 

which were left undisturbed until completely solidified. 

 Each sample was cultured on ten plates (five on each media type) for a total of 

fifty plates. These were inoculated using five Pasteur pipettes and five vials of distilled 

water (one per sample). These materials were sterilized prior to inoculation by 

autoclaving for 15 minutes at 121˚ C. The tube containing the lyophil was sterilized 

immediately prior to opening using 90% ethyl alcohol. The vials were scored with a 

sterilized file, broken open and filled with approximately 0.3 mL of sterile distilled water 

via the Pasteur pipette. The spore-water slurry was then taken into the pipette and two 
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drops of each sample were placed on each plate. The plates were immediately covered 

and sealed with Parafilm© to decrease exposure to airborne contaminants. The cultures 

were allowed to grow at room temperature (approx. 20 - 25˚ C) and sporulating 

conidiophores were observed after 7 – 10 days. 

 

DNA Extraction 

Conidial material was obtained by using sterilized tweezers to pull 2 – 6 fruiting 

“heads” from the mycelial mat. These were placed upon a clean microscope slide in 2µl 

of sterilized water, covered with a sterile coverslip, and mechanically crushed at room 

temperature using the blunt end of a paintbrush. The material was then placed on a piece 

of dry ice to freeze, removed, and crushed again as it thawed. This was repeated 

approximately 3 times. After this the coverslip was removed; a 2µl drop of water was 

placed onto the frozen material and while thawing, the slurry of conidial material was 

picked up using a pipette. This was then transferred to a tube containing 0.1% T.E. buffer 

and 1% Triton X-100 detergent, with a final volume of 50 µl. The extract was placed in a 

65ºC water bath for 15min, and stored at -20ºC. 

 

DNA Amplification and Sequencing 

The primers used were NS1 and NS4 for the 18S SSU gene region, and ITS1f and 

ITS4 for the ITS rDNA regions (White et al., 1990). Equal parts template to master mix 

were added to a final volume of 25µl. The master mix contained the following 

concentrations: 1.5 mM of MgCl2, 800 µM of dNTP mix, 0.5 µM of each primer, and 

0.13µl. DNA polymerase. Amplification was done on an Applied Biosystems 2720 
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Thermal Cycler with an initial denaturation temperature of 94 ºC for 3 minutes, then 35 

cycles of 94 ºC for 0.35 seconds, 50 ºC for 0.55 seconds, 72 ºC for 1:10 + 5 minutes 

(adding an additional 5 minutes each cycle), and an extension temperature of 72 ºC for 10 

minutes. Electrophoresis was utilized to visualize the extracted DNA on a 1% agarose gel 

stained with ethidium bromide, which was viewed with a UV transilluminator. PCR 

product was purified with an Invisorb© Spin PCRapid Kit (Invitek), and cycle sequencing 

was performed using a BigDye© Terminator v3.1 kit (Applied Biosystems).  The primers 

ITS1, ITS2, ITS3, ITS4, NS1, NS2, NS3 and NS4 were used for cycle sequencing, which 

was performed on an ABI 3730xl capillary DNA sequencer. 

 

Phylogenetic Analyses 

Chromatograms of sequences were viewed and assembled using Sequencher 

(Gene Codes Corp.) and replicate sequences were compared using 4 Peaks. Sequences 

were entered into the Basic Local Alignment Search Tool (BLAST) nucleotide database 

to obtain closely related sequences (those with maximum identity ≥95% for 18S SSU and 

≥90% for ITS), which were copied in FASTA format to be aligned (NCBI, 2012). 

GenBank Accession numbers for each sequence are found in Table 2.  

ClustalX was used to align sequences and generate neighbor-joining trees with 

bootstrap probabilities and percent identity.  Maximum parsimony analyses were 

generated using PAUP 4.0b10 (Swofford 2003). For parsimony, a heuristic search was 

conducted with all characters unordered and of equal weight, with gaps considered 

missing data. Starting trees were obtained via stepwise addition and the branch-swapping 
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algorithm, tree-bisection-reconnection (TBR). Bootstrap analyses with 1000 replicates 

were performed for each optimality criterion. 
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Results 

 Sequences from the 18S small-subunit (SSU) rRNA gene and internal transcribed 

spacer (ITS) 1 – 4 regions were obtained from three samples: IMI 181705 (yellow), IMI 

131684 (yellow) and ATCC 16324 (orange). Phylogenies were generated using published 

sequences from the GenBank database, and Heterocephalum was placed in the class 

Eurotiomycetes, subclass Eurotiomycetidae, and order Eurotiales. The 18S SSU tree 

shows that within this order, Heterocephalum is closely related to species of Aspergillus 

(Figure 2). ITS sequences were also used to generate a phylogeny which showed species 

relationships within the Aspergillus clade (Figure 3). 
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Discussion 

The phylogenies generated in this study serve to further describe a fungus that has 

been relatively unstudied since its initial discovery in the early 20th century. This updated 

classification based on sequences from the 18S SSU rRNA gene supports the 

morphology-based grouping of Heterocephalum with Aspergillus species (Thaxter 1903, 

Raper and Fennell 1952). The ITS tree illustrates that the two species of Heterocephalum, 

while isolated from different habitats nearly a century apart, are closely related and 

distinct from other species of Aspergillus.  

Two sequences of H. taiense and one of H. aurantiacum were obtained in this 

study, the former from samples found in Indian soil (IMI 181705 and IMI 131684) and 

the latter from a sample isolated from cockroach dung in Japan (ATCC 16324). Traits of 

soil-dwelling and coprophilous fungi differ significantly in terms of dispersal and growth. 

Many soil-dwelling genera such as Alternaria, Aspergillus, Fusarium, and 

Penicillium have thick-walled spores in order to withstand periods of drying (Carroll & 

Wicklow, 1992). Additionally, propagules are often dispersed through the soil via 

attachment to microorganisms such as mites and earthworms (Renker et al. 2005) 

(Hutchinson & Kamel, 1956). Coprophilous fungi have a unique set of adaptations for 

dispersal and must project their spores far from the substrate in order to ensure 

consumption by target species. The spores of these fungi are also thick-walled and pass 

through the digestive tract of herbivores in order to germinate on fresh dung (Carroll & 

Wicklow, 1992). These differing ecological traits provide further evidence for the 

division of two distinct Heterocephalum species. 
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There are relatively few published reports of this genus, and yet each account has 

included specimens isolated from tropical climates such as Jamaica, India, Liberia, 

Panama, the Ivory Coast, the Congo and the Philippines (Chien 1972). Thus this fungus 

appears to be ubiquitous in warm, humid climates but is probably overlooked due to 

infrequent soil sampling and isolation in these regions. It is currently unknown whether 

the two species of Heterocephalum grow simultaneously in the same habitat, since most 

of the papers describing the genus were published before the formal discovery of H. 

taiense in 1986.  

Further information on the interspecific interactions of this genus would be a 

valuable topic to explore in future studies. Many current fungal phylogenies are 

assembled using multiple gene regions, therefore it may also prove worthwhile to obtain 

sequences from the large-subunit (LSU) rRNA, RPB1 and RPB2 gene regions to create a 

more accurate and relevant phylogeny of this genus.  
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Conclusions 

 This research project resulted in an updated classification of the genus 

Heterocephalum based on sequence data from two gene regions, 18S SSU and ITS. The 

phylogeny generated from SSU sequences supported grouping the genus in the 

Aspergillus clade within the Eurotiales, which was postulated by Thaxter and tentatively 

assigned by Raper and Fennell. The phylogeny generated from ITS sequences clearly 

delineated Heterocephalum as a genus separate from Aspergillus, and this tree also 

supports the designation of two Heterocephalum species based on morphological and 

ecological differences. Future areas for research include expanding the molecular 

analysis to incorporate sequences from several gene regions in order to create a multi-

gene phylogeny of these species. 
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Appendix A 

 

Figure 1. A phylum-wide phylogeny of 434 taxa in Ascomycota. Taken from Schoch et al. 2009. 
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Figure 2. Phylogenetic tree derived from maximum parsimony (MP) analysis of 18S SSU rRNA 
gene sequences. Bootstrap values ≥50% from 1000 replicates are shown to the left of branch 
nodes. The two study species are indicated in bold within the Eurotiales. Outgroup: Dothidea 
sambuci (Ascomycota: Dothideales). 
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Figure 3. Phylogenetic tree derived from maximum parsimony (MP) analysis of ITS 1 – 4 
sequences. Bootstrap values ≥50% from 1000 replicates are shown to the left of branch nodes. 
Outgroup: Rhizopus oryzae (Zygomycota: Mucorales). 
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Figure 4. Stereomicroscope images of Heterocephalum. A-B. A single conidial head of 
each species. C-E. Developing conidiophores of H. taiense showing development of 
corticating hyphae. F-G. Plates of mature specimens (H. aurantiacum and H. taiense, 
respectively) showing color difference in sporulating heads. 
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Figure 5. A-B. Light microscope images of Heterocephalum showing enveloping hyphae and 
conidia. C-E. Scanning electron micrographs displaying interwoven network of hyphae 
surrounding conidial mass. F. Conidia. G. Single fertile hypha which gives rise to conidial head. 
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Appendix B 

Table 1. Strains of Heterocephalum examined in this study 

Culture Name Collection Details Substrate 
RSA 4 Liberia, Baldwin (1950) Soil 

ATCC 16324 Okinawa, Shuri (1965) Cockroach dung 
IMI 131684 India, Jacob (1968) Soil 
IMI 181705 India, Gupta (1974) Soil 
IMI 241265 Bahamas, Davis (1974) Goat dung 

 

Table 2. Sources of DNA sequences used in this study 

Order Genus/Species Gene Accession 
Number 

Coryneliales Caliciopsis pinea SSU DQ678043 
Calciopsis orientalis SSU DQ471039 
Corynelia uberata SSU AF242262 

Dothideales Dothidea sambuci SSU AY544722 
Eurotiales Pseudotulostoma 

japonica 
SSU AB161196 

Monascus purpureus SSU DQ782881 
Penicillium 
javanicum 

SSU EF413620 

Penicillium limosum SSU EF411061 
Penicillium 
avellaneum 

SSU D14406 

Penicillium freii SSU AY640998 
Aspergillus alliaceus SSU AB002071 
Aspergillus awamori SSU HQ393870 
Aspergillus cervinus SSU AB008397 
Aspergillus clavatus SSU AB008398 

Aspergillus 
fumigatus 

SSU M60300 

Aspergillus niger SSU GQ338836 
Aspergillus sparsus SSU AB008408 
Aspergillus nidulans SSU AB008403 
Aspergillus ornatus SSU AB008406 

Paecilomyces variotii SSU AB023946 
Sarophorum 
palmicola 

SSU AB003945 

Aspergillus 
spinulosus 

SSU AB002081 

Aspergillus niger (1) ITS JF318957 
Aspergillus niger (2) ITS JN166802 
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Table 2, cont. 

Order Genus/Species Gene Acession 
Number 

Eurotiales, 
cont. 

Aspergillus ellipticus 
(1) 

ITS AY656631 

Aspergillus ellipticus 
(2) 

ITS AJ876881 

Aspergillus ellipticus 
(3) 

ITS EF661194 

Aspergillus ellipticus 
(4) 

ITS FJ629328 

Aspergillus 
carbonarius 

ITS JN246055 

Aspergillus sparsus ITS EF661181 
Aspergillus 

panamensis (1) 
ITS EF661177 

Aspergillus 
panamensis (2) 

ITS EF661177 

Aspergillus 
anthodesmis 

ITS EF661180 

Aspergillus 
conjunctus 

ITS EF661179 

Aspergillus biplanus ITS EF661211 
Aspergillus diversus ITS EF661214 
Aspergillus nidulans ITS FJ878645 
Aspergillus rugulosus ITS EU289912 
Aspergillus versicolor ITS FJ878627 

Aspergillus 
tubingensis 

ITS HQ315841 

Aspergillus piperus ITS FJ629352 
Aspergillus ostianus ITS FJ478090 

Aspergillus ochraceus ITS FJ878632 
Mucorales Rhizopus oryzae ITS AF113440 

Mycocaliciales Sphinctrina turbinata SSU EF413631 
Stenocybe pullatula SSU U86692 

Chaenothecopsis 
savonica 

SSU U86691 

Mycocalicium 
polyporaeum 

SSU AY789361 

Onygenales Arthroderma ciferii SSU AB015769 
Arthroderma ciferrii SSU EF413624 
Spiromastix warcupii SSU DQ782882 
Ctenomyces serratus SSU AB015771 
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