
ABSTRACT 

SUPPLE, MEGAN ANN. Phenotypic Evolution across the Heliconius Color Pattern 

Radiation. (Under the direction of Dr. W. Owen McMillan.) 

In nature there exists a tremendous amount of morphological variation, both within 

species and between species.  One key to understanding the origins of this biodiversity is to 

understand how genetic change translates to phenotypic variation.  The extensive diversity 

within species and the striking mimicry between species of Heliconius butterflies makes it an 

exceptional system to study the evolution of adaptive traits.  Here I use natural phenotypic 

variation across the Heliconius speciation continuum to understand the genetic basis and 

evolutionary history of variation in adaptive wing color patterns.   

Using whole genome resequencing data of divergently colored races from hybrid 

zones of H. erato, I identify a 65-kb putative regulatory region modulating expression of the 

gene optix, which controls the spatial distribution of red across the forewings and hindwings 

in Heliconius.  I then analyze hybrid zone genomic data from H. melpomene, a distantly 

related co-mimic of H. erato, and determine that the two species use the same genomic 

architecture to generate their mimetic phenotypes.  Using additional phenotypic and 

phylogenetic sampling across the broader H. erato radiation, I further investigate the 

genomic architecture of this 65-kb region.  I identify three distinct modules within this region 

that are associated with distinct red color pattern elements.  These modules are likely 

enhancers of the gene optix that modulate distinct expression domains across the wing, 

resulting in the red color pattern elements.  Within this modular architecture, I further narrow 

down functional regions and identify candidate transcription factors acting upstream of optix 

that modulate the presence of absence of the hindwing rays.  These candidates show 



differential binding affinities in the rays enhancer region and expression in the hindwings of 

Heliconius, as well as interesting known expression patterns across the Drosophila wing. 

The identification of the functional regions enables the exploration of the 

evolutionary history of the adaptive alleles.  I show that the rayed allele had a single origin 

within each of the mimetic species H. erato and H. melpomene, but it evolved independently 

between the two species.  I demonstrate that the phenotypically recombinant race, H. e. 

amalfreda, evolved through reshuffling of pattern element specific enhancers between the 

traditional postman and rayed phenotypes.  I see the same evidence of enhancer shuffling in 

generating the wing color pattern of H. himera, an incipient species of H. erato. 

I then examine the processes that drive the genomic patterns of divergence that are 

used to identify functional variation.  I demonstrate that peaks of divergence can be driven by 

selection within a population, rather than divergent selection between populations.  This 

result suggests caution when interpreting peaks of divergence.  Additionally, I show that H. 

himera is an incipient species from within the H. erato radiation that evolved due to selection 

on multiple loci, not just due to color pattern divergence.  Combining new genomic 

techniques with extensive natural variation, I provide insights into how genomic changes can 

drive convergent and divergent phenotypes across a classic adaptive radiation.   
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BIOGRAPHY  

 

From the time I learned to ride horses when I was a kid, I spent as much time as 

possible at the barn.  I would ride any horse I could get my hands onðincluding the unbroke 

and wild ones.  My sister and I rode a pony named Sparkle (aka The Little Witch) who was 

being given away because she had the intelligence and athleticism to dump any rider.  Our 

parents, not being knowledgeable about horses, thought keeping Sparkle was a good idea. 

Sparkle excelled at jumping, bucking, and keeping her rider humble...the kind of pony every 

kid should learn to ride on.  

After growing up in sunny southern California, I headed to the University of 

Michigan for my undergraduate education.  The snow and cold was not as much fun as I had 

envisioned.  Apparently the summers in Michigan shift to the other thermal extreme, but I 

wouldnôt know.  Every summer I took the opportunity to seek adventure elsewhere, including 

the Sierra Nevada Mountains and Yellowstone National Park.  After four years, I graduated 

from with a degree in Aerospace Engineering.  Unlike most rocket scientists, I did not to put 

my degree to work.  Instead I thru-hiked the Appalachian Trail, spending six months walking 

from Georgia to Maine. 

After a stint living in a tent in Alaska, I moved to Washington State to pursue a career 

as a stable hand.  While in Washington, I also worked as an EMT on an ambulance, retrained 

problem horses, and worked at a fecal DNA lab.  I took up foxhunting and I am proud to say 

that, while in pursuit of the fox (or the hare or the dragged scent), I have fallen off horses on 

three different continents.  Due to such accomplishments, I am one of the founders of 
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Hillbilly Farms, a world famous website devoted to our battle against perfection in the 

equestrian world.  In addition to contributing fodder for the website and our blog, The Road 

Apple, I also write the ``Jumping Clinic'' column under the pseudonym George Morris.  

I continued my progression down the latitudes to Raleigh, North Carolina to pursue 

higher education and more horses, opening Ponies on Probation, a branch of Hillbilly Farms.  

I spent my free time volunteering for a local equine rescue organization. I was the proud 

foster mom to a string of naughty ponies who needed to learn to behave themselves before 

anyone will adopt them.  This involved regularly performing involuntary dismounts, lots of 

bruises, and at least one broken bone.  I continued to partake in other outdoor sports as well, 

including rock climbing and canoeing, which is much easier on crutches than backpacking. 

The southerly pull of gravity became too strong and I left North Carolina and moved 

to the humid jungles of Panama.  I live in a small town full of monkeys and sloths, where the 

quiet is most often disturbed by the chatter of parrots and the maddening song of the cicadas.  

I have taken up extreme runningðnot extreme because of the distance or speed, but rather 

because of the hazards.  In my single most dangerous week, I had close encounters with a 

crocodile, the poisonous fer-de-lance, and the notorious Gamboa unicorn.  I now wander the 

jungles with a butterfly net in search of the elusive chupacabra. 
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